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FOREWORD 

T h i s   r e p o r t  by t h e  B e l l  H e l i c o p t e r  Company ( B H C ) ,  F o r t  Worth, 
Texas ,   p re sen t s   t he  STOL Design Summary of a concep tua l   des ign  
s tudy  of 1985  commercial tilt r o t o r  V/STOL t r a n s p o r t s .   P h a s e  
I ,  i n  V o l u m e s  I and 11, p r e s e n t e d   t h e  results o f   t he  VTOL por- 
t ion   o f   the   s t t idy .   Phase  11, i n  Volumes I11 and I V ,  p r e s e n t s  
t h e  STOL p o r t i o n .  The s tudy  i s  be ing   conduc ted   fo r   t he   Na t iona l  
Aeronaut ics   and  Space  Adminis t ra t ion,  Ames Research  Center,  
M o f f e t t   F i e l d ,   C a l i f o r n i a ,   u n d e r   C o n t r a c t  NAS2-8259. M r .  D .  R .  
Brown i s  t h e  NASA Con t rac t ing   Of f i ce r   and  M r .  H .  K .  Edenborough 
i s  t h e  NASA Technical   Monitor .  M r .  K .  W. Sambell i s  t h e  BHC 
P r o j e c t   E n g i n e e r   f o r   t h e   s t u d y .  

The t echn ica l   gu idance   o f  M r .  J .  A. DeTore  of BHC i s  e s p e c i a l l y  
noted.  The a s s i s t a n c e   a n d   a d v i c e   o f   t h e   f o l l o w i n g  members of  
t h e  BHC t e c h n i c a l   s t a f f   a r e   g r a t e f u l l y   a c k n o w l e d g e d :  

M r .  B.  D .  Char les  - Aero  AcouStics 
M r .  R. D .  F o s t e r  - Aerodynamics 
M r .  D .  A .  Hardesty - H a n d l i n g   Q u a l i t i e s  
M r .  E .  E .  Scroggs,  Jr. - Weights 
D r .  J .  G .  Yen - A e r o e l a s t i c i t y  

The BHC tilt r o t o r   a i r c r a f t   d e s i g n   s y n t h e s i s   m e t h o d s ,   a v a i l a b l e  
f o r   u s e  on t h i s   p r o j e c t ,  were deve loped   p r inc ipa l ly  by M r .  E .  L .  
Brown. The engine   sca l ing   methods  w e r e  developed by M r .  F. V. 
Engle. 

The volumes  prepared  are as fo l lows:  

Volume I - Conceptual  Design  Study  of  1985  Commercial 
T i l t  Rotor   Transpor t s  - VTOL Design Summary 
(BHC Report  No. D312-099-002) .  NASA CR-2544 

Volume I1 - Conceptual  Design  Study  of  1985  Commercial 
T i l t  Rotor   Transpor t s  - VTOL S u b s t a n t i a t i n g  
Data (BHC Report  No. D312-099-.0’0$.). NASA 
CR-137602 

Volume I11 - Conceptual  Design  Study of 1985  Commercial 
T i l t  Rotor   Transpor t s  - STOL Design Summary 
(BHC Report  No. D313-099-001). 

Volume I V  - Conceptual  Design  Study of 1985  Commercial 
T i l t  Rotor   Transpor t s  - STOL S u b s t a n t i a t i n g  
Data (BHC Report  No. D313-099-002). NASA 
CR-137765 
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1. SUMMARY 

T h i s   r e p o r t   p r e s e n t s   t h e   r e s u l t s   o f  a conceptua l   des ign   s tudy  
of a 1985  commercial STOL tilt rotor  t r anspor t   based   on  a 
NASA 2 0 0  n .  m i .  (370 k m )  STOL miss ion .  The pu rpose   o f   t he  
s tudy  i s  t o   g e n e r a t e   t r a n s p o r t   d e s i g n s  t o  suppor t  V/STOL 
t r a n s p o r t a t i o n   s y s t e m   s t u d i e s   b y  NASA. 

Phase I o f   t he   s tudy ,   wh ich  w a s  p u b l i s h e d   i n  May 1975,   def ined  
a 45-passenger VTOL tilt r o t o r   a i r c r a f t  ( B e l l  D312) based on 
t h e   g e n e r i c   c h a r a c t e r i s t i c s   o f   t h e  NASA-ARMY XV-15 T i l t  Rotor 
Resea rch   A i rc ra f t .  

Phase I1 o f   t h e   s t u d y ,   r e p o r t e d   i n   t h i s   v o l u m e ,   d e f i n e s   a n  
STOL va r i an t   o f   t he   Phase  I VTOL tilt r o t o r .   A i r c r a f t  
c h a r a c t e r i s t i c s  are d e f i n e d ,   w i t h   t h e   a i r c r a f t   r e d e s i g n e d   t o  
meet 2000-foot ( 6 1 0  m )  f i e l d  c r i t e r i a ,  with  emphasis  on l o w  
fuel  consumption  and low d i r e c t   o p e r a t i n g   c o s t .  

The s e l e c t e d  STOL design  approach w a s  t o   r e t a i n   t h e  same 
i n s t a l l e d  power and   des ign   range   as   the   45-passenger  VTOL 
a i r c r a f t .  The e n g i n e s ,   r o t o r s   a n d   t r a n s m i s s i o n s   a r e   i d e n t i c a l .  
Des ign   changes   inc luded   the   addi t ion   o f  a h i g h   a s p e c t - r a t i o ,  
h i g h - l i f t   w i n g .  The p a y l o a d   c a p a b i l i t y   i n c r e a s e d   t o  1 0 0  
passengers   ( s tudy  maximum).  The r e s u l t i n g   a i r c r a f t  ( B e l l  D 3 1 3 )  
i s  shown i n   F i g u r e  1-1, t o  t h e  same scale as t h e  XV-15. Com- 
pa red   t o   t he   45 -passenge r  VTOL, t h e   d i r e c t   o p e r a t i n g   c o s t  
decreased  4 3 %  a n d   t h e   f u e l  economy improved  by 1 3 7 %  (from 
3 4 . 2 -  t o  8 1 . 1  seat-miles p e r   g a l l o n ) .  

The 100-passenger STOL tilt r o t o r   a i r c r a f t  was a n a l y z e d   f o r  
per formance ,   weights ,   economics ,   handl ing   qua l i t i es ,   no ise  
f o o t p r i n t  and a e r o e l a s t i c   s t a b i l i t y .   S i g n i f i c a n t  r e s u l t s  are 
shown i n   T a b l e  1-1. 

I n  a d d i t i o n ,  a t  fue l   cos t s   o f   10C/ lb   (p robab ly   conse rva t ive  
for   1985)   the  1985 STOL tilt r o t o r  i s  cons ide red   t o   have  
c o m p a r a b l e   d i r e c t   o p e r a t i n g   c o s t s  t o  t h e  1985 CTOL turbo- fan  
a t  2 0 0  n .  m i .  ( 3 7 0  km) range.  (See  Appendix) 

By u s i n g   t h e  same type  of  gimbal-mounted tilt ro to r   sys t em 
t h a t  w i l l  b e   t e s t e d   o n   t h e  XV-15, t h e  STOL v e r s i o n   o f   t h e  tilt 
r o t o r   a i r c r a f t  i s  p r e d i c t e d   t o   a c h i e v e   t h e   u n i q u e   c a p a b i l i t y  
of  making  zero-crab,  zero-bank STOL approaches   in   25-knot  
c ros swinds .   Th i s   capab i l i t y  i s  a p o t e n t i a l  i t e m  f o r   v e r i f i c a -  
t i on   du r ing   fu tu re   f l i gh t   s imu la to r   expe r imen t s   and   advanced  
r e s e a r c h   f l i g h t   t e s t i n g   w i t h   t h e  XV-15. 
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FIGURE 1-1 
COMPARISON  OF XV-15 AND  D313 

D313 
100-PASSENGER STOL 

IDENTICAL  SCALES 

2 
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TABLE 1-1 
100-PASSENGER  STOL  TILT  &OTOR  AIRCRAFT  CHARACTERISTICS, BELL D313 

NASA MISSION: 200 N.M. DESIGN RANGE 

DESIGN FIELD: 2000 FT, SEA LEVEL 90°F  
35 FEET CLEARANCE HEIGHT 

ITEM 

Noise at 500 ft. sideline, takeoff 

Direct Operating Cost, @ 200 n . m .  
(per available seat @ 400 n . m .  
statute mile) 

Area  of 95 PNdB Contour, Takeoff 
Area of 95 PNdB Contour, Landing 

Rotor Diameter 

Design Gross Weight 
Weight  Empty 

Installed Horsepower, 
(Total,  30-Min. Rating, SLS) 

Disc Loading  (Based on Thrust) 
Wing  Loading 

Hover Tip Speed 
Cruise Tip Speed 

Block Fuel 
Block Time, Engines-On 

Cruise Speed at 20000 Feet, (6096 m )  
Std. Day 

UNIT 

PNdB 

c/assm (C/askm) 
c/assm (C/askm) 

PSf 
PSf 

VALUE 

96.0 

2.67 (1.66) 
2.37 (1.47) 

113.4 
57.9 (.234 

43.6 (13.29) 

64300 (286.02 
42720 (190.03 

9072  (6765) 

16.15 
72.5 (3471 

700 213.4 
600 [182.9{ 

1888 (8.398) 
1.015 

248 (459) 



2 .  INTRODUCTION 

Low d i s c   l o a d i n g   a i r c r a f t   h a v e   h i g h   e f f i c i e n c y   t o   c o n v e r t  
e n e r g y   t o   t h r u s t ,   w i t h  ample c o n t r o l ,  a t  low  speeds.  The  low 
d i s c   l o a d i n g  tilt r o t o r   a i r c r a f t  combines  these low speed 
a t t r i b u t e s   w i t h   e f f i c i e n t   a n d   q u i e t   f l i g h t   i n   a i r p l a n e  mode. 

The VTOL tilt r o t o r   a i r c r a f t   c o n c e p t  w i l l  b e   i n v e s t i g a t e d  by 
NASA and  the Army, w i t h   t h e  XV-15 T i l t  Rotor   Research   Ai rcraf t .  
The XV-15 i s  c u r r e n t l y   b e i n g   f a b r i c a t e d  by B e l l  H e l i c o p t e r  
Company ( B H C ) ,  Reference 2-1 ,  w i t h   f i r s t   f l i g h t   s c h e d u l e d   f o r  
1 9 7 6 .  C h a r a c t e r i s t i c s   o f  VTOL T i l t  R o t o r   a i r c r a f t   f o r  com- 
m e r c i a l   s e r v i c e   i n  1 9 8 5  have  been  s tudied by B e l l  H e l i c o p t e r  
Company d u r i n g   t h e   f i r s t   p h a s e   o f   t h i s   s t u d y ,   R e f e r e n c e s  . 2 - 2 ,  
2-3,  and by Boeing,  Reference 2 - 4 .  The BHC s t u d y   r e s u l t e d   i n  
t h e  d e f i n i t i o n   o f  a 45-passenger tilt r o t o r   t r a n s p o r t ,   d e s i g -  
n a t e d   t h e  D 3 1 2 .  

S ince  tilt r o t o r   a i r c r a f t   h a v e   t h e   c a p a b i l i t y   t o   l i f t   i n c r e a s e d  
payloads when runways are a v a i l a b l e ,   t h e   s t u d y  w a s  e x t e n d e d   t o  
t h i s   s e c o n d   p h a s e   t o   d e f i n e   t h e   c h a r a c t e r i s t i c s   o f  tilt r o t o r  
a i r c r a f t  when d e s i g n e d   s p e c i f i c a l l y   f o r  STOL opera t ions .   Boeing  
i n c l u d e d   r e s u l t s   o f   t h e i r  STOL tilt r o t o r   s t u d y   i n   R e f e r e n c e  
2-4 .  

The improved l i f t i n g   e f f i c i e n c y   o f  tilt r o t o r   a i r c r a f t   i n  STOL 
o p e r a t i o n s  can b e   u t i l i z e d   i n   t h r e e  ways: 

a .   Increased   payload   and   des ign   gross   weight  a t  t h e  same 
des ign   r ange   and   eng ine   s i ze .  

b .   I n c r e a s e d   d e s i g n   r a n g e   a t  t h e  same payload ,   des ign  
gross   weight   and   engine  s i z e .  

c .  Reduced engine  s i z e  and   des ign   gross   weight  a t  t h e  
same payload  and  design  range.  

B e l l  ana lyzed   these   th ree   approaches   and   assessed   each  one 
from t h e   v i e w p o i n t s   o f   f u e l  economy and d i r e c t   o p e r a t i n g   c o s t .  
Approach a .  w a s  s e l e c t e d   f o r   d e s i g n   v e r i f i c a t i o n .   T h i s  
included  analysis   of   performance,   weights ,   economics,   handl ing 
q u a l i t i e s ,   n o i s e   f o o t p r i n t   a n d   a e r o e l a s t i c   s t a b i l i t y .  

The NASA Study  Guidel ines   and  Constraints ,   Reference  2-5,  are 
summarized,  for  the STOL p h a s e ,   i n   T a b l e  2-1.  
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TABLE 2-1 
STUDY CONSTRAINTS AND GUIDELINES 

NASA 1 9 8 5  COMMERCIAL S T O L   T I L T  ROTOR TRANSPORT  STUDY 

NASA CONTRACT  STATEMENT O F  WORK: 

'I. . .DEFINE  AIRCRAFT  CHARACTERISTICS I F  THE BASELINE  TILT 
ROTOR AIRCRAFT  OF  PHASE I I S  REDESIGNED AS AN STOL 
AIRCRAFT TO  MEET 2000-FOOT  F IELD  CRITERIA.  
EMPHASIS ON: 

0 ECONOMICS 
0 LOW FUEL  CONSUMPTION" 

CONSTRAINTS: MAXIMUM PAYLOAD OF 1 0 0  PASSENGERS 

DESIGN  GUIDELINES: 

0 M I S S I O N  
DESIGN  FIELD LENGTH S L  90°F, CLEARANCE 
HEIGHT 35 FEET 
2 0 0  N .  M I .  RANGE + 50 N .  M I .  ALTERNATE 
LEG + LOITER 

0 PAYLOAD 
1 8 0  LB/PASSENGER,  INC. BAGGAGE 
1 9 0  LB/CREWMAN, I N C .  GEAR 
1 4 0  LB/CABIN ATTENDANT, INC. GEAR 

0 FUSELAGE 
DOUBLE A I S L E  

EQUIPMENT 
2 1 0 0  LB + SEATS 

0 TECHNOLOGY LEVEL 
2 5 %  WEIGHT  REDUCTION FROM PRESENT 

- BODY,  EMPENNAGE, WING 
- ENGINE  NACELLES 
- FLIGHT CONTROLS  (NONROTATING) 

ENGINES 
NASA-DEFINED  CRITERIA 

FUEL  SFC = 0 . 4 2  LB/SHP  HR, 
TOP @ S L  90°F 
S P E C I F I C  WEIGHT = 0 .15  LB  PER SHP 

0 S T A B I L I T Y  & CONTROL 
NASA-DEFINED  CRITERIA 

ECONOMICS 
NASA-DEFINED  UNIT  COSTS  FOR  INITIAL  COST 
NASA-DEFINED A I A  METHOD FOR DOC 
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3. APPROACH 

3 .1  GENERAL 

The NASA s t u d y   g u i d e l i n e s   r e q u i r e d   t h e   d e s i g n   p o i n t  VTOL tilt 
r o t o r ,  which w a s  s e l e c t e d   i n   P h a s e  I o f   t h i s   s t u d y  ( B e l l  D312), 
t o   b e   r e d e s i g n e d   s p e c i f i c a l l y   f o r  STOL o p e r a t i o n s   f o r  a 2000-  
f o o t  ( 6 1 0  m )  f i e l d   l e n g t h .  Hover performance was n o t   r e q u i r e d  
and  emphasis was p laced   on   ach iev ing  low fuel  consumption  and 
low d i r e c t   o p e r a t i n g   c o s t .   A f t e r   i n i t i a l   s t u d y ,   t h e   f o l l o w i n g  
design  changes were made t o   o p t i m i z e   f o r  STOL: 

- The wing a s p e c t - r a t i o  was increased   f rom 6 . 8 6  t o  10.0 t o  
improve   spec i f ic   range .  

- The wing maximum l i f t   c o e f f i c i e n t  was increased  f rom 2 . 0  
t o  3 . 0  by the   u se   o f  a f u l l   s p a n   F o w l e r   t r a i l i n g   e d g e   f l a p  
and a l e a d i n g   e d g e   s l a t .  These c h a n g e s   i n c r e a s e d   l i f t i n g  
e f f i c i e n c y   d u r i n g   t h e   r o l l i n g   t a k e o f f .  

- F u l l   s p a n   s p o i l e r s  were i n c o r p o r a t e d   t o  dump e x c e s s i v e  
w i n g - l i f t   d u r i n g   h i g h   d e s c e n t  ra tes  on  the  approach.  The 
outer   segment  i s  u s e d   f o r   r o l l   c o n t r o l   i n   a i r p l a n e  mode. 

- The wing load ing  was reduced  from 80 psf  ( 3 . 8 3  k N / m 2 )  t o  
72.5  psf ( 3 . 4 7  k N / m 2 )  t o  ma tch   t he   s l i gh t ly   s lower  c ru ise  
speed  of   the STOL a i r c r a f t .  

- The pylon   convers ion   ax is  was  moved from 55% rnac t o  5% rnac 
(ahead  of t h e  wing   forward   spar )   to   reduce   t a i l   download  
d u r i n g   f u s e l a g e   r o t a t i o n   a t   t a k e o f f .   T h i s   a l s o   e n a b l e d  
t h e  wing  span t o   b e   e x t e n d e d   o u t b o a r d   o f   t h e   r o t o r   c e n t e r -  
l i n e .  Thus t h e   r o t o r   b l a d e / f u s e l a g e   c l e a r a n c e  was 
r e t a i n e d  and t h e  wing root   bending  loads  (produced by 
r o t o r   t h r u s t )  were h e l d   a t   t h e   o r i g i n a l  l eve ls  of  t h e  D 3 1 2 .  

- The wing  sweep ang le  was reduced  f rom  -6.5  degrees   to   zero.  
T h i s   s i m p l i f i e d   t h e  wing d e s i g n   f o r   t h e  wing  span-extension 
outboard   o f   the   ro tor   axes .  

- The l and ing   gea r  was moved forward  to   minimize t a i l  down- 
l o a d   d u r i n g   r o t a t i o n   a t   t a k e o f f .  

- The fuselage  nose-up  ground  c learance  angle  was i n c r e a s e d  
from 1 0 . 0  d e g r e e s   t o  1 5 . 0  d e g r e e s ,   t o   a l l o w   f o r   s t e e p e r  
f l a r e s   r e q u i r e d  by STOL o p e r a t i o n s .  

With these des ign   changes ,   p re l imina ry   mi s s ion   i t e r a t ion   p ro -  
c e e d e d   t o   e s t a b l i s h   a i r c r a f t   s o l u t i o n s .   T h e s e   s o l u t i o n s   h a d  
common ( o r   g e n e r i c )   c h a r a c t e r i s t i c s   w h i c h   a r e  shown i n  Table  
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3.1-1. The c r i t i c a l  mission  parameter  w a s  e s t a b l i s h e d  t o  be  
the   l and ing   d i s t ance .   Takeof f   d i s t ance  w a s  n o t  c r i t i ca l  
because   o f   the   in te rconnec ted  rotors and  the  emergency (2+-  
minute)   engine power a v a i l a b l e  ( 1 . 2  x 30-minute r a t i n g )   w i t h  
one e n g i n e   i n o p e r a t i v e .  

With t h e s e   g e n e r i c   c h a r a c t e r i s t i c s   d e f i n e d ,   a i r c r a f t   s y n t h e s i s  
p r o c e e d e d   t o   e s t a b l i s h   s o l u t i o n s   f o r   e a c h   o f   t h e   t h r e e  STOL 
des ign   var ian ts   o f   the   45-passenger  VTOL D312 a i r c r a f t :  

I cons tan t   payload   and   range  
I1 c o n s t a n t   i n s t a l l e d  power and  range 
I11 c o n s t a n t   i n s t a l l e d  power and  payload 

The a i r c r a f t   c h a r a c t e r i s t i c s   f o r  t h e  so lu t ions   o f   each   approach  
a r e  shown i n  Table 3 .1-2 .  Approach 11, which r e s u l t e d   i n  a 
100-passenger   design,  was se l ec t ed   because   o f  i t s  h i g h   f u e l  
economy of 8 1 . 1  seat-miles p e r   g a l l o n  ( 2 9 . 6 0  s ea t -k i lome te r s  
p e r  l i ter)  and low d i r e c t   o p e r a t i n g   c o s t   o f  2 . 6 7  $/assm 
( 1 . 6 6  C/askm).  This  design was d e s i g n a t e d   t h e  D313. I n  
a d d i t i o n   t o   t h e   e n g i n e s ,   t h e   r o t o r s  and   t ransmiss ions   a re  
i d e n t i c a l   t o   t h o s e   o f   t h e  D 3 1 2  VTOL a i r c r a f t .  Thus,   there  i s  
considerable  dynamic  system  commonality  possible  between a 
100-passenger STOL tilt r o t o r   a i r c r a f t   a n d  a 45-passenger VTOL 
tilt r o t o r   a i r c r a f t .  An isometric comparison a t   t h e  same s c a l e  
i s  shown i n   F i g u r e  3.1-1.  

3 . 2  OPTIMUM D I S C  LOADING I N V E S T I G A T I O N  

With t h e  STOL a i r c r a f t   " d e s i g n - a p p r o a c h "   s e l e c t e d   a s  shown 
by approach I1 i n   T a b l e  3 . 1 - 2 ,  t h e   q u e s t i o n   o f   t h e  optimum 
disc   loading   remained .  

A i r c r a f t   s o l u t i o n s   ( 1 0 0 - p a s s e n g e r   c l a s s ,  2 0 0  n .  m i . ,  370 k m  
range)  w e r e  s y n t h e s i z e d   w i t h   d e s i g n   d i s c   l o a d i n g s   o f   1 6 . 1 5 ,  
1 8 . 3 0  and 2 0 . 4 6  p s f .  The d e s i g n   t h r u s t / g r o s s   w e i g h t   r a t i o  
w a s  h e l d  a t  0.75 ( t o   d e t e r m i n e  power loading)   and  the  remain-  
i ng   gene r i c   cha rac t e r i s t i c s   o f   Tab le   3 .1 -1  w e r e  r e t a i n e d .  A 
summary of  r e su l t s  i s  shown i n  Table 3 .2-1 .  I t  was found   t ha t  
as d i s c   l o a d i n g   i n c r e a s e d ,   t h e   l i f t i n g   e f f i c i e n c y  (DGW/ 
I n s t a l l e d  Power)  reduced  and  the  fuel economy (seat-miles p e r  
g a l l o n )   a l s o   r e d u c e d .  The f i n a l  DOC ana lys i s   shou ld   be   done  
wi th   one   spec i f i c   eng ine  s i z e  s p e c i f i e d   f o r  a l l  a i r c r a f t  and 
t h i s  w a s  beyond  the   scope   of   th i s   s tudy .  However, i f   s a y ,  
1 0 0 0 0  shp w a s  s p e c i f i e d ,   t h e   f o l l o w i n g  are t h e   d e s i g n   p o i n t  
s o l u t i o n s :  

Design D i s c  Loadin ? Design  Gross  Weight 
PSf kN/m l b f  kN 

16.15 ( .773) 7 0 , 9 0 0  (315.4)  
18.30 ( . 8 7 6 )  67,300 ( 2 9 9 . 4 )  
2 0 . 4 6  ( . 9 7 9 )  63,500 (282.5)  

I 
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TABLE 3.1-1 
GENERIC  CHARACTERISTICS  OF  STOL COMMERCIAL T I L T  ROTOR AIRCRAFT, 

2 0 0 0  FT F I E L D  AT S . L .  900F  

. . " . .~ .  ~. ~ ~ ". ". . - " ~ 

T/W (AT  CT/SIGMA = 0 . 1 2 4 )  

DISC  LOADING  (BASED ON THRUST) 

WING  LOADING 

WING  ASPECT  RATIO 

TRANSMISSION S I Z I N G  CRITERIA 

ENGINE S I Z I N G  CRITERIA 
( 4  ENGINE  AIRCRAFT) 

POWER LOADING 

CRUISE  SPEED 

CRUISE  ALTITUDE 

CROSS  WIND  CAPABILITY 

0 . 7 5  

16 psf  

70-85 psf  

10 

D e v e l o p   D e s i g n  S t a t i c  T h r u s t  
a t  S.L.  ~ O O F  

D e v e l o p   D e s i g n  S t a t i c  T h r u s t  
With O n e   E n g i n e   O u t .   R e m a i n -  
i n g  E n g i n e s  a t  E m e r g e n c y  
R a t i n g  

7 Pounds Weight/hp 

2 2 5 - 3 0 0  kt 

2 0 , 0 0 0  f t  

2 5  kt on 80 k t  A p p r o a c h  
Zero B a n k  and C r a b  
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TABLE 3 . 1 - 2  
STOL T I L T  ROTOR AIRCRAFT  CHARACTERISTICS 

PARAMETERS HELD CONSTANT -. 
DGW, l b f  

PAYLOAD, No. P a s s e n g e r s  

RANGE, n.mi.  

ENGINE RATING1, hp 
(30-MIN, S.  L. S.  ) 

SPEED, k n o t  

CRUISE  ALTITUDE, fee t  

FUEL ECONOMY, ssmpg 

DOC, C/assm 
( @  F u e l  Cost $ . 0 2 / l b )  

VTO L 
3ASELINE 

4 4 8 4 8  

45 

2 0 0  

2 2 6 8  

2 9 7  ( 2 )  

1 1 0 0 0  

3 4 . 2  

4 . 6 6  

STOL I 
PAYLOAD & RANGE 

3 6 9 7 5  

45 

2 0 0  

1311 

2 3 4  ( 3 )  

2 0 0 0 0  

6 1 . 0  

4 . 5 4  

STOL I1 
POWER & RANGE 

6 4 3 0 0  

1 0 0  

2 0 0  

2 2 6 8  

2 4 8  

2 0 0 0 0  

8 1 . 1  

2 . 6 7  

'FOUR ENGINES 

2~~~~~~ CRUISE SPEED AT 9 0 %  MAXIMUM CONTINUOUS POWER 

3AVERAGE CRUISE  SPEED AT 9 9 %  MAX RANGE 

STOL I11 
POWER & PAYLOAD 

6 4 3 0 0  

4 5  

2 4 0 2  

2 2 6 8  

2 2 7  ( 3 )  

2 0 0 0 0  

51.3 

4 . 3 1  



FIGURE 3.1-1 
COMPARISON  OF D312  AND D313 TILT ROTOR AIRCRAFT 

SELECTED APPROACH 

D312 
45-PASSENGER V/STOL 

\ 

SAME PROPULSION SYSTEM 
(ROTORS  AND ENGINES) 

(IDENTICAL  ISOMETRIC  SCALES) 
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TABLE 3 . 2 - 1  
D I S C   L O A D I N G ,   L I F T I N G   E F F I C I E N C Y   A N D   F U E L  ECONOMY 

DGW/INSTALLED  POWER,  l b f / h p  

FUEL  ECONOMY, ssmpg 
~ ". . ~ ~ 

1 6 . 1 5  

7 . 0 9  

8 1 . 1  I 1 8 . 3 0  

6 . 7 3  

8 1 . 0  

2 0 . 4 6  

6 . 3 5  

8 0 . 6  

C O N C L U S I O N S  

- D I S C   L O A D I N G   O F  1 6 . 1 5  PSF S E L E C T E D   T O   M A X I M I Z E   L I F T I N G  
E F F I C I E N C Y   A N D   F U E L  ECONOMY 

- F I N A L  DOC A N A L Y S I S  FOR O P T I M U M   D I S C   L O A D I N G   N E E D S  A 
S P E C I F I C   E N G I N E  S I Z E  T O   B E   S E L E C T E D  --- BEYOND  THE 
S C O P E   O F   T H I S   S T U D Y  
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The  higher  disc  loading  solution  would  cruise  slightly  faster 
but the  increased  payload  carried by the  lower  disc  loading 
solution  would  produce  a  lower  direct  operating  cost. 

Thus  the  lower  disc  loading  solution  is  recommended  because of 
its  higher  lifting  efficiency,  higher  fuel  economy and lower 
direct  operating  cost. 

The  100-passenger  class, 200 n.  mi. (370 km) range, D313 is 
described  in  the  next  section. 
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4 .  DESCRIPTION OF SELECTED  AIRCRAFT 

4 . 1  GENERAL 

A t h r e e   v i e w   o f   t h e   s e l e c t e d  D313 STOL a i r c r a f t  i s  shown i n  
F igure  4 . 1 - 1 .  The s i g n i f i c a n t   c h a r a c t e r i s t i c s  are t h e  low 
d i s c   l o a d i n g   r o t o r s   a n d   t h e   h i g h   a s p e c t - r a t i o   w i n g .  

The g e n e r i c   c h a r a c t e r i s t i c s   o f   t h e  XV-15 tilt r o t o r   s y s t e m  
have   been   re ta ined .  The t h r e e   b l a d e d   s t i f f - i n - p l a n e  tilt 
r o t o r s   h a v e  a d e s i g n   d i s c   l o a d i n g   ( b a s e d   o n   t h r u s t )   o f  16 .15  
psf ( . 7 7 3  kN/m2). Takeof f   and   c ru i se   t i p speeds   a r e  700 f t / s e c  
(213 m/sec) and 600  f t / s e c   ( 1 8 3  m/sec) r e s p e c t i v e l y .  Gimbal 
hubs   p rov ide   r e l i e f   fo r   one -pe r - r ev   f l app ing   a i r loads   ( and  
v i r t u a l l y   e l i m i n a t e  Cor io l i s  forces   induced  by f lapping)   which 
reduces  inplane  bending moments. A moderate  amount of hub 
r e s t r a i n t  is  u s e d   t o   i n c r e a s e   c o n t r o l  power  and  damping i n  
h e l i c o p t e r  mode w i t h o u t   g e n e r a t i n g   h i g h   b l a d e   l o a d s .   F l a p p i n g  
c l e a r a n c e  i s  1 2  degrees   and   fuse lage /b lade- t ip   c learance  i s  
1 2  inches  ( .  3 m )  . 
The zero-sweep  wing  has a n  a s p e c t   r a t i o  of 1 0 . 0  and a t a p e r  
r a t i o  of 1 . 3 7 .  Wing load ing  i s  72.5  psf ( 3 . 4 7  kN/m2)  and 
maximum wing l i f t   c o e f f i c i e n t  i s  3 . 0 .  The wing  has a c o n s t a n t  
23% t h i c k n e s s   c h o r d   r a t i o   a n d  i s  f i t t e d   w i t h   t h e   f o l l o w i n g  
l i f t / c o n t r o l   d e v i c e s :  

- Trai l ing-edge  Fowler  f l a p  of 2 9 %  c h o r d ,   f u l l   s p a n .  

- Leading-edge s l a t  of  1 0 %  chord ,  f u l l  span.  

- S p o i l e r s   o f  1 5 %  c h o r d ,   p i v o t e d   a t  6 0 %  rnac, f u l l   s p a n .  
(The spoi le r   segment   ou tboard   o f   the   py lons  i s  used   fo r  
r o l l   c o n t r o l  i n  a i r p l a n e  mode.) 

The pylon   convers ion   ax is  i s  a t  5% rnac. The a f t  end  of   the 
p y l o n   f a i r i n g  i s  nonconverting  and a spr ing- loaded   cover  
p rov ides  a smooth fa i r ing   be tween  the   conver t ing   and  non- 
conve r t ing   po r t ions .   Gene ra l ly ,   t he   ro to r   and  wing c o n t r o l s  
a r e   i n s t a l l e d   a f t   o f   t h e  wing  box  and t h e   i n t e r c o n n e c t   s h a f t  
i s  i n s t a l l e d   f o r w a r d  of the  wing  box. 

The f o u r   t u r b o s h a f t   e n g i n e s  are mounted i n  p a i r s  o n   t h e   r o t o r  
py lons .   High   t ransmiss ion   e f f ic iency  i s  p o s s i b l e   s i n c e   t h e  
no rma l   ro to r   d r ive  i s  v ia   he r r ingbone   and   p l ane ta ry   gea r s .  The 
r o t o r s   a r e   m e c h a n i c a l l y - i n t e r c o n n e c t e d  so t h a t  any  engine  can 
power e i t h e r  ro tor .  

13 



FIGURE 4 . 1 - 1  
STOL T I L T  ROTOR TRANSPORT,  100-PASSENGER 
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F u s e l a g e   p r e s s u r i z a t i o n  i s  p r o v i d e d   t o   h o l d  cabin p r e s s u r e  a t  
t h e  equ iva len t  of 3000 f t  ( 9 1 4  m )  p r e s s u r e   a l t i t u d e .  I n  
n o r m a l   o p e r a t i o n ,   t h i s  resul ts  i n  a c a b i n   p r e s s u r e   r a t e - o f -  
change   no t   exceed ing   t he   equ iva len t   o f  a d e s c e n t  ra te  of  300 
fpm ( 9 1 . 4  m/min). 

The H-configurat ion empennage  of t h e  XV-15 i s  r e t a i n e d .  The 
1 0 0 - p a s s e n g e r   f u s e l a g e   h a s   d i f f e r e n t   f u s e l a g e   p i t c h   a n d  yaw 
moment c o e f f i c i e n t s   t h a n   t h o s e   o f   t h e  XV-15. Based  on 
s t a b i l i t y   a n a l y s e s   a l l o w i n g   f o r   t h e s e  effects,  t h e  D313 h o r i -  
z o n t a l  t a i l  volume c o e f f i c i e n t  i s  1.639  and  the ver t ica l  t a i l  
volume c o e f f i c i e n t  i s  0.130. 

The  body i s  s i z e d  by t h e  NASA Study  Guidelines  and  Design 
Cr i t e r i a  and   provides   a i r l ine   passenger   accommodat ions   wi th  a 
double  a is le .  Passenger  checked  baggage  volume,  2.5 c u  f t  
( 0 . 0 7 1  cu m )  pe r   pas senge r ,  i s  p r o v i d e d   i n   t h e   f u s e l a g e   b e l l y .  
T h e s e   g u i d e l i n e s   l e d   t o   t h e   n o n c i r c u l a r   f u s e l a g e   c r o s s  
s e c t i o n s  shown. A d d i t i o n a l   o v e r a l l   s y s t e m   s t u d i e s   s h o u l d  
i n v e s t i g a t e   f u s e l a g e   b e l l y   r e q u i r e m e n t s   t o   c a r r y   m a i l / f r e i g h t  
a n d ,   i f  so ,  a c i r c u l a r   c r o s s   s e c t i o n   c o u l d   b e   j u s t i f i e d .  

The c o c k p i t   h a s   e x c e l l e n t   v i s i b i l i t y   f o r  V/STOL o p e r a t i o n s .  
Downward v i s i b i l i t y   o f  25 degrees  i s  p r o v i d e d   f o r   s t e e p  
a p p r o a c h e s ,   i f   n e c e s s a r y .   T y p i c a l   f u s e l a g e   a t t i t u d e   o n   a n  
STOL f i n a l   a p p r o a c h  i s  +3.5O on a 6O g l i d e s l o p e .  

The l and ing   gea r  i s  des igned   fo r   ro l l i ng   t akeof f   and   l and ing  
a t  speeds  up t o  8 0  knots  (148  kph) . Tip-over   angle  i s  a 
minimum of 27O l a t e r a l l y   a n d  20° l o n g i t u d i n a l l y .  

4 . 2  FUSELAGE LAYOUT 

The 100-passenger   fuse lage   l ayout ,  shown i n   F i g u r e  4 . 2 - 1 ,  has  
seven-ab reas t   s ea t ing .  A s  r e q u i r e d  by t h e  NASA g u i d e l i n e s ,   t h e  
fo l lowing  are provided:  two doors ,  two a i s les ,  s p a c e   f o r  two 
c a b i n   a t t e n d a n t s ,  two l a v a t o r i e s ,   b e v e r a g e   s e r v i c e ,   c o a t   r a c k ,  
t i c k e t   c e n t e r ,   a n d   b u i l t - i n  a i r  s ta i r .  I n   t h e   f u s e l a g e   b e l l y ,  
baggage  compartments are  p rov ided   t o   a l l ow 2 . 5  cu  f t  (.071 cu m )  
per  passenger.   These  accommodation  requirements were adequate ly  
m e t  by a n o n c i r c u l a r   c r o s s   s e c t i o n .  The f u s e l a g e   e x t e r n a l  
wid th   and   he ight  i s  2 0 0  inches   (5 .08  m )  and 1 7 0  inches  (4 .32 m )  
r e s p e c t i v e l y ,   a n d   t h e   o v e r a l l   l e n g t h  i s  1150 inches  ( 2 9 . 2 1  m ) .  

4.3 DESIGN P O I N T  MISSION  ANALYSIS 

The NASA miss ion  was r e p r e s e n t e d  by 2 1  segments  which  allowed 
f o r   t h e   b a s i c  200  n. m i .  l e g ,   t h e  50 n.  m i .  a l t e r n a t e   l e g ,   a n d  
t h e  20-minute  hold. A miss ion   schemat ic  i s  shown i n . F i g u r e  
4 . 3 - 1 .  Engine   fue l   f l ow  e s t ima t ion  w a s  based  on  matching  the 
NASA r e f e r e n c e   p o i n t  a t  sea level 90°F (32.2OC) w i t h   t y p i c a l  
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F I G U R E  4 . 3 - 1  
NASA 200 NM STOL M I S S I O N   P R O F I L E  

74 D I V E R S I O N  ( 4 )  

/ SEGIIELIT NULlBER 

n o( A I R  IIANEUVER 

A I R  ILATJE 
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C R U I S E   D I S T A I i C E  
. .  
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B A S I C   N I S S I O N ,  200  NX 

B A S I C   I I I S S I O N   P L U S   D I V E R S I O i . 1 ,  2 5 0  1.111 

NOTE 1. C R I T I C A L   S I Z I N G   F O R   T A K E O T F S  AND LA:IDING  AT S L  90°F. 
2 .  I I I S S I 0 : J   F U E L   A N A L Y S I S   F O R   S T A N D A R D  DAY. 
3 .  C R U I S E   A L T I T U D E   A N 3   S P E E D   S E L E C T E D  USI:JG  .FlAXII~IUE: 

4 .  D I V E R S I O L I   A T   S P E E 3   F O R   B E S T  RANGE  AT C R U I S E   A L T I T U D E .  
S P E C I F I C  RANGE A S   A   G U I D E .  
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engine   t echnology  (Reference  4-1) of t h e  1980-85 t i m e  frame. 
The BHC-defined items o f   t h e   m i s s i o n   p r o f i l e :   c l i m b   s p e e d  
(1.2 V s t a l l ) ,  c r u i s e   s p e e d  ( 9 9 %  maximum range )   and   c ru i se  
a l t i t u d e  ( 2 0 0 0 0  feet)  were determined from minimum miss ion  
fue l   requi rements .   Other   combina t ions  were explored  such as :  
c l imb  speed (1.8 V s t a l l ) ,  c r u i s e   s p e e d  ( 9 0 %  maximum con- 
t i n u o u s   p o w e r )   a n d   c r u i s e   a l t i t u d e  ( 1 1 0 0 0  feet)  b u t   t h e   f u e l  
used  increased  by  up  to  6 % .  

4.3.1 M I S S I O N  SEGMENT ANALYSIS - R e s u l t s   o f   t h e  200 n.  m i .  
(370 km) m i s s i o n   a n a l y s i s   f o r   t h e  D313 are shown i n   T a b l e  
4.3-1. C a l c u l a t i o n s  are shown f o r  t i m e  r e q u i r e d ,   d i s t a n c e  
c o v e r e d ,   a n d   f u e l   r e q u i r e d   f o r  2 1  mission  segments.  Cumulative 
va lues  are shown f o r   t h e   m i s s i o n   s t a t u s  a t  the   end   of   each  
s e g m e n t .   S i g n i f i c a n t   r e s u l t s  are t h a t   t h e   1 0 0 - p a s s e n g e r  D313 
used  only 1888 l b f  (8.398 kN) o f   f u e l .   T h i s  i s  81.1 seat- 
miles p e r   g a l l o n  (29.60 sea t -k i lome te r s   pe r  l i t e r )  and 
i l l u s t r a t e s   t h e   f u e l   e f f i c i e n c y   o f   a d v a n c e d   t e c h n o l o g y  STOL 
tilt r o t o r   a i r c r a f t .   ( F o r   r e f e r e n c e ,   p r e s e n t   t u r b o f a n   a i r c r a f t  
use  2.5-3.0 times t h i s  amount o f   f u e l   f o r   t h e  same miss ion . )  
Rese rve   fue l  w a s  877 l b f  (3.901 kN) o r  46% o f   f u e l  consumed. 

4 . 4  GROUP WEIGHT STATEMENTS 

The NASA gu ide l ines   a l lowed  a 25% weight   reduct ion   f rom  present  
technology  for  the  following  components:   body,  empennage, 
w i n g ,   e n g i n e   n a c e l l e s   a n d   n o n r o t a t i n g   f l i g h t   c o n t r o l s .  The 
BHC weight   es t imat ing  method w a s  based   on   the   fo l lowing:  

Rotor  Group - A c t u a l   w e i g h t s   f o r   t h e  XV-15 r o t o r   g r o u p ,  
d e t a i l e d   d e s i g n   s t u d y   o f   t h e  B e l l  Model 266 tilt r o t o r  (DGW = 
28,000 l b f )   a n d   g e n e r a l   h e l i c o p t e r   e x p e r i e n c e .  

Drive  System - Genera l   he l i cop te r   expe r i ence  a t  BHC. 

Wing Group - Analy t ica l   method  based   on   ca lcu la ted   des ign  
c o n d i t i o n s .  N o  s t a t i s t i c s  were found t o  b e   a p p l i c a b l e   t o  
wings   for  tilt r o t o r   a i r c r a f t .  

Engine  Group - Basic e n g i n e   s p e c i f i c   w e i g h t  w a s  de f ined  
by t h e  NASA Study  Guidelines  and i s  c o n s i d e r e d   t o   b e   r e p r e -  
s e n t a t i v e   o f  1980 technology.  

Body Group - Commercial a i r l i n e r  s t a t i s t i c a l  d a t a .  

A l l  other  components  and  systems were based on s t a t i s t i c a l  
w e i g h t   d a t a   a v a i l a b l e   t o  BHC. 

The g r o u p   w e i g h t   s t a t e m e n t   f o r   t h e  D313 i s  shown i n   T a b l e  
4.4-1. The empty  weight i s  42720 l b f  (190.0 kN) and   the  
empty   we igh t   r a t io  i s  0.664. 
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TABLE 4.3-1 
MISSION  SEGMENT ANALYSIS, 100-PASSENGER  STOL  AIRCRAFT 

2 TOF 
3 A!-O 
4 A C L  
5 ACR 
6 ACR 
7 DSC 
8 ACR 
9 D S C  
IO h L O  
1 1  D S C  
12 D C C  " 

14 A C Q  
13 GND 

15 DSt 
1 6  ALC! 
17 DSC 

19 D S C  
2 0  DSC 
21 WUP 

1 a ALO 

'?: P 
1 F 6  hO 
1 P.6 G O  
1 P 6  C>O 
l h h h O  
I H 6  60 
18660 
18660 
18660 
186 60 
1 F.6  00 
le660 
18660 
18660 
18660 
156 60 
18660 
I f l F i h O  
is560 
18660 
186 60 
18660 
136 60 

H v D 
- 0  0 ' 0  

0 0 0 
0 0 G 
0 341 0 

20000 1-30 33 
20000 248 170 
20000 248 1 7 1  
10000 2 4 0  187 
10000 222 1 8 8  
2000 222 200 
2000 139 200 
1000 139 2'00 

0 139 . 2 0 0  
0 0 200 

20000 248 227 
5000 248 248 
5000 145 248 
2000 145 250 

I000 138 250 
0 138 250 
0 0 250 

2000  138 . 250  

M O D E S :   A C L  - A I R P L A N E   C L I M B  - M I S S I O N  FLOWP.1 Ot.1 
ACR - A I R P L A I d E   C R U I S E   S T A N D A R D   D A Y  
A L O  - A I R P L A I J E   L O I T E R  
D S C  - DESCElJT  - F O R   R E S E R V E   L E G :  
GND - G R O U N D   O P E R A T I O N   I I d I T I A L   C O N D I T I O N S  OF 
TOF - STOL T A K E O F F   S E G M E N T  14 E Q U A L  
WUP - WARMUP F I F d A L   C O N D I T I O N S  

SEGMENT 5 .  
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TABLE 4 . 4 - 1  
GROUP WEIGHT  STATEMENT,  100-PASSENGER  STOL  AIRCRAFT 

FURN I SY XNGS AND EQU IPMEPJT GROUP 
E N V T R O N M E N T A L  CONTROL GROUP 
AIJX  1 I - I A R Y  POWER U N I T  
OTHER 
L O A D  HANrJL I FIG G R O U P  

396 
295 

64 6 
2045 

39 

2 597 
48 I 
452  

. " - . . . 

. -. . . . . . 

1712 
96 

336 
IGCI 
2 4 4 
134 

5 123 

. . .  

4396 
727 

4296 LBS 
5149 
69 1 

7873 
2730 

3530 .. 

633 - 

78 35 

2G.3 
4. 1 4 
495 

WEIGHT EMPTY . . . .. - . - . . . - . . . 43720 L R S  

(190.03 K N )  

TABLE 4 . 5 - 1  
MISSION  WEIGHT SUMMARY, 100-PASSENGER  STOL  AIRCRAFT 
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4.5 MISSION WEIGHT SUMMARY 

The miss ion   weight  summary f o r   t h e  D313 1 0 0 - p a s s e n g e r   a i r c r a f t  
i s  shown i n   T a b l e  4.5-1. C r e w  and  passenger   weights  are p e r  
NASA g u i d e l i n e s :  

P i l o t  C r e w  ( 2 )  . . . . . . . . . . 190  l b f  (845 N )  , each ,  i n c l u d i n g  g e a r  
Cabin  Attendant ( 2 )  ..... 1 4 0  l b f  ( 6 2 3  N ) ,  each ,  i n c l u d i n g  g e a r  
Passengers  ( 1 0 0 )  ....... 180 l b f  (801 N ) ,  each ,  i n c l u d i n g  baggage 

4 . 6  ECONOMICS 

The economic  analysis  w a s  based  on NASA guide l ines   and   the   1968 
Aerospace   Indus t r i e s   Assoc ia t ion   me thod   t o  estimate d i r e c t  
o p e r a t i n g  costs, Reference 4 -1 .  This   approach  to   economics 
i s  cons ide red  by BHC to   be   adequa te  a t  t h e   c o n c e p t u a l   d e s i g n  
s t a g e .  The A I A  method  es t imates   the  DOC of V/STOL a i r c r a f t  
by a l l o w i n g   f o r   t h e   i n i t i a l   c o s t  and  weight  of  the  dynamic 
sys tems  and   then   adding   th i s   to   the   a i r f rame  and   engine   cos ts .  
BHC compared  the A I A  method t o  BHC methods  used in   Re fe rence  
4-2 and  found  good  correlat ion.  I t  s h o u l d   b e   n o t e d   t h a t   i f   t h e  
A I A  method  was  used  on an  a l t e r n a t i v e  V/STOL concept   wi th  a 
l a r g e  number of  small   components,   but  which  had  the same t o t a l  
w e i g h t   a n d   i n i t i a l   c o s t  as t h e  tilt r o t o r   a i r c r a f t ,   t h e n  t h e  
main tenance   cos t   p red ic ted   would   be   the  same and ,   t he re fo re ,  
wou ld   p robab ly   be   op t imis t i c   fo r   t he   a l t e rna t ive   concep t .  

The D313 was a n a l y z e d   f o r   i n i t i a l   c o s t  and d i r e c t   o p e r a t i n g  
c o s t   f o r   t h e  NASA des ign   miss ion   wi th   c l imb ra tes ,  cruise  
speeds   and   a l t i t ude   s e l ec t ed   t o   min imize   fue l   consumpt ion  
a s   d e s c r i b e d  i n  S e c t i o n  4 . 3  " D E S I G N  P O I N T  M I S S I O N  A N A L Y S I S " .  

The f o l l o w i n g   c o s t   d a t a  were used :  

- a i r f rame  cos t ,   $90*  and  $ 1 1 0  pe r  pound 

- dynamic  system  cost ,  $80 p e r  pound 

- u t i l i z a t i o n ,  2500*  and 3500 b lock   hours   per   year  

- d e p r e c i a t i o n   p e r i o d ,  1 2  y e a r s  

* " b a s e l i n e - c o s t "   c o n d i t i o n s  

The a v i o n i c s   g r o u p   c o s t  (S0.25M) has   been   i nc luded   i n   t he  
i n i t i a l   c o s t   a n d   i n   t h e   d e p r e c i a t i o n   c o s t ,   b u t  it has   no t   been  
i n c l u d e d   i n   t h e   a i r f r a m e   m a i n t e n a n c e   c o s t   e q u a t i o n s .  A l l  
o t h e r  costs w e r e  computed  per NASA gu ide l ines   and   t he  A I A  c o s t  
method. 
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4 . 6 . 1  FIRST COST AND DIRECT OPERATING  COST - Table 4 . 6 - 1  shows 
f i r s t  c o s t   a n d  direct  o p e r a t i n g  cost a t  t h e   d e s i g n   r a n g e   o f  
2 0 0  n. m i .  (370 km) for  v a r i a t i o n s   i n  assumed u t i l i z a t i o n s   a n d  
airframe u n i t  costs. 

4 . 6 . 2  DIRECT OPERATING  COST  VERSUS RANGE - Figure  4 . 6 - 1  shows 
d i r e c t   o p e r a t i n g   c o s t   f r o m  100 n. m i .  (185 km) t o  500 n. m i .  
( 9 2 6  km) f o r   t h e   b a s e l i n e  cost  c o n d i t i o n s .  A t  r a n g e s   u p   t o  
2 0 0  n. m i .  (370 km ) t h e   a i r c r a f t   c r u i s e d  a t  9 9 %  of b e s t   r a n g e  
speed  (248  knots ,  459 kph) .   For  ranges above 2 0 0  n .  m i .  
(370 km), ext ra  f u e l   c a p a c i t y  w a s  i n s t a l l e d   a n d   p a y l o a d  w a s  
reduced   to   keep   takeoff   weight  a t  d e s i g n   g r o s s   w e i g h t ;   a l s o ,  
a t  t h e s e   h i g h e r   r a n g e s  it was f o u n d   t h a t   s i g n i f i c a n t l y   b e t t e r  
DOC w a s  achieved by c r u i s i n g  a t  9 0 %  of  maximum continuous  power,  
255 knots .  

The minimum DOC w a s  2.37 C / a s s m  ( 1 . 4 7  C/askm) a t  435 n.  m i .  
(806 km) range  and  with a payload  of  9 0  passengers .  

Table 4 .6 -2  shows d i r e c t   o p e r a t i n g   c o s t   f r o m  50 s t a t u t e  miles 
(80 km) t o  500 s t a t u t e  miles ( 8 0 5  km) f o r   t h e   b a s e l i n e   c o s t  
c o n d i t i o n s  . 
4.6.3 FUEL ECONOMY VERSUS RANGE - Figure  4 .6-2  shows t h e   f u e l  
economy index as measured i n  sea t  statute-miles p e r   g a l l o n  
(ssmpg) f o r   r a n g e s  up t o  500 n .  m i .  ( 9 2 6  km). The D313 ach ieves  
81.1 ssmpg a t  2 0 0  n.  m i .  (370 km) and a maximum o f  82.0  ssmpg 
a t  330 n .  m i .  ( 6 1 1  km) i n d i c a t i n g   t h e   s u i t a b i l i t y   o f   t h e  tilt 
r o t o r   a i r c r a f t   f o r  a fue l   conse rva t ive   des ign   approach .  

4 . 6 . 4  FUEL ECONOMYJERSUS.  DESIGN  CRUISE  SPEED - Figure  A-2 
(Appendix)  shows the   miss ic%nTuel -  economy index   versus   des ign  
c r u i s e   s p e e d  a t  a range  of  2 0 0  n.mi.. A t  e ach   c ru i se   speed  
t h e   f u e l  economy index  i s  shown f o r   t h e   m i s s i o n   s o l u t i o n ,   w i t h  
t akeof f  a t  Design  Gross  Weight. Maximum f u e l  economy i s  81.7 
ssmpg a t  a d e s i g n   c r u i s e   s p e e d   o f  2 2 7  kno t s  ( 4 2 0  k p h ) .  A t  
h i g h e r   s p e e d s   t h e   f u e l  economy d r o p s   t o  7 2 . 0  ssmpg a t  a des ign  
c ru i se   speed   o f  300 knots   (556  kph) .  
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TABLE 4 . 6 - 1  
DIRECT  OPERATING  COST  VERSUS  UTILIZATION  AND  AIRFRAME  COST, 

100-PASSENGER  STOL  AIRCRAFT 

UTILIZATION, 
BH/YR 

2 5 0 0  

2 5 0 0  

3 5 0 0  

3 5 0 0  

" ~ 
~~ 

AIRFRAME 
COST 
S/LB 

~ 

9 0  

1 1 0  

9 0  

1 1 0  

FIRST  COST 
INC. SPARES, 

SM 
~~ 

4 . 899  

5 . 5 2 4  

4 .899  

5 .524  

DOC 
@ 200 N.MI., 

C/ASSM (c/ASKM) 

2 . 6 7  ( 1 . 6 6 )  

2 .80 ( 1 . 7 4 )  

2 .42  ( 1 . 5 0 )  

2 . 5 2  ( 1 . 5 7 )  

FIGURE 4.6-1 
DIRECT  OPERATING  COST  VERSUS  RANGE,  100-PASSENGER  STOL  AIRCRAFT 
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TABLE 4.6-2 
DIRECT  OPERATING  COST  VERSUS  RANGE,  100-PASSENGER  STOL  AIRCRAFT 

RANGE, 

STAT. 1.11 LE S ( KM 1 

DIRECT  OPERATING  COST, 2 

C/ASSM ( C/ASKM) 

5 . 6 8   ( 3 . 5 3 )  

3 . 7 4   ( 2 . 3 2 )  

2 . 7 7   ( 1 . 7 2 )  

2 . 5 4   ( 1 . 5 8 )  

2 . 4 1  ( 1 . 5 0 )  

2 . 3 7   ( 1 . 4 7 )  

NOTE 1. ADDITIONAL  FUEL  CAPACITY  INSTALLED 

2. UTILIZATION 2 5 0 0  B.H/YR,  AIRFRAT.IE COST $90/LB 
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FIGURE 4.6-2 
FUEL  ECONOMY  VERSUS  RANGE,  100-PASSENGER STOL AIRCRAFT 
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5. PERFORMANCE 

The D 3 1 3  STOL a i r c r a f t  w a s  a n a l y z e d   f a r   w i n g - l i f t   r e q u i r e m e n t s ,  
f i e l d   l e n g t h ,   c o n v e r s i o n   s p e e d ,  climb-rate, descent - ra te ,   and  
cruise speed .   Per formance   capabi l i ty  w a s  measu red   aga ins t   t he  
r equ i r emen t s   o f   t he  NASA s t u d y   g u i d e l i n e s   a n d   a l s o   t h e   F e d e r a l  
A v i a t i o n   A d m i n i s t r a t i o n ' s  "Tentat ive Airwor th iness   S tandards  
f o r  Powered L i f t   T r a n s p o r t   C a t e g o r y   A i r c r a f t , "   R e f e r e n c e  5-1. 

5 .1  W I N G  LIFT AND DRAG CHARACTERISTICS 

The STOL tilt ro to r   employs   t he  23% th i ck   w ing   o f   t he  VTOL 
tilt ro to r   w i th   t he   added   r equ i r emen t  t o  develop maximum wing 
l i f t  a t  t h e   f u s e l a g e   a t t i t u d e s   e n c o u n t e r e d   d u r i n g   t a k e o f f   a n d  
l a n d i n g .   T h i s   r e q u i r e m e n t   c a l l e d   f o r   t h e   a d d i t i o n   o f   l e a d i n g -  
edge s la ts  t o   e x t e n d   t h e  maximum wing CL t o  +20 degrees   fuse-  
l age   ang le   o f  a t tack .  I t e r a t i o n  on   the  maximum wing CL 
r e q u i r e d ,   i n d i c a t e d   t h a t   t h e   l a n d i n g   p h a s e  w a s  c r i t i c a l  w i t h  
a required  wing l i f t   c o e f f i c i e n t   o f   3 . 0 .   T a k e o f f  w a s  less 
c r i t i c a l  w i t h  a required  wing l i f t   c o e f f i c i e n t  of 2 . 7 8 .  These 
v a l u e s  were m e t  by a Fowle r   f l ap   o f  2 9 %  chord  and a 23% t h i c k  
GAW-1 a i r f o i l .  Wing l i f t   c h a r a c t e r i s t i c s   f o r   t a k e o f f ,   l a n d i n g  
and   c ru i se  are shown in   F igure   5 .1-1   and  are based   on   the  t es t  
da ta   o f   References  5-2 and  5-3. The wing   t h i ckness   t e s t ed  w a s  
1 7 %  so t h a t   t h e   l i f t   d a t a   o f   F i g u r e   5 . 1 - 1  are c o n s i d e r e d   t o   b e  
s l i g h t l y   c o n s e r v a t i v e .  

Wing d r a g   c h a r a c t e r i s t i c s   f o r   t a k e o f f ,   l a n d i n g   a n d   c r u i s e  are 
shown i n   F i g u r e  5 .1-1 .   These   inc lude   an   addi t ion   to   the   p ro-  
f i l e   d r a g   c o e f f i c i e n t s   o f   R e f e r e n c e s  5-2 and 5-3 t o   a l l o w   f o r  
t he   l ead ing   edge  s l a t  and  the  assumed  23% GAW-1 a i r f o i l .  

5.2 FIELD LENGTH 

The NASA s t u d y   g u i d e l i n e s   s p e c i f i e d  a f i e l d   l e n g t h  up t o  2 0 0 0  
fee t  ( 6 1 0  m )  w i th  a c l e a r a n c e   h e i g h t   o f  35 f e e t  ( 1 0 . 7  m )  a t  
e i t h e r   e n d .  Ambient c o n d i t i o n s  were sea level 9 0 0 F  (32.2OC). 
I n i t i a l   s t u d y   i n d i c a t e d   t h a t   m i s s i o n   p a y l o a d   i n c r e a s e d   w i t h  
f i e l d   l e n g t h  so t h a t  a f i e l d   l e n g t h   o f  2 0 0 0  f e e t  ( 6 1 0  m)  w a s  
s e l e c t e d .  The g round   ru l e s   u sed   fo r   de t e rmin ing   t akeof f   and  
l a n d i n g   d i s t a n c e s  are shown in   Table   5 .2-1 .   These   inc lude  
t h o s e   o f   t h e  NASA s t u d y   g u i d e l i n e s ,   t h e  FAA Par t  XX, Reference 
5-1,  and  those by t h i s   c o n t r a c t o r .  

5 .2 .1  TAKEOFF DISTANCE - Takeoff   d i s tances  are shown i n  Table 
5.2-2. The 2000/35-foot ( 6 1 0 / 1 0 . 7 - m e t e r )  f i e l d   r e q u i r e m e n t  i s  
m e t  wi th   adequate  reserves. Takeoff i s  n o t  c r i t i c a l  due t o  
t h e   i n t e r c o n n e c t e d   r o t o r s   ( n o   a s y m m e t r i c   t h r u s t )   a n d   t h e  
emergency  power a v a i l a b l e  from t h e   e n g i n e s .   F o r   i n s t a n c e ,  
t he   fou r -eng ine   t akeof f  power a v a i l a b l e  a t  sea level  90°F 

2 6  



FIGURE 5.1- 1 
WING  LIFT  AND DRAG CHARACTERISTICS 
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TABLE 5 . 2 - 1  
TAKEOFF AND L A N D I N G  GROUND RULES FOR STOL T I L T  ROTOR AIRCRAFT ( 4  ENGINES) 

SEA LEVEL 90°F 

- 
TAKEOFF 

Accelera t ion :  
R o l l i n g   f r i c t i o n   c o e f f i c i e n t  = 0.03 
A l l  engines   operat ing,   0 .4g maximum 
a c c e l e r a t i o n .  

Rotat ion:  
1 0  deg/sec maximum 

Cl imbout   condi t ions   to   35- f t   obs tac le :  
AEO: Climb >- 6 . 7 %  (15 : l ) g r a d i e n t ,  250  fprn 

O E l :  C l i m b  2 6.7%(15:l)gradient,25Ofpm 
(gear  down) 

(gear  UP) 

O A T  CL MAX(T.O)-5O (gea r  down) 

Saeed a t   o b s t a a l e :  
L 

v2~vLOF~1.10VMcA~VMCA+15 k t  

F a c t o r s   f o r   f i e l d   l e n g t h :  
1 .15   fo r  a l l  engines   opera t ing  
1 . 0 0  f o r  eng ine   cu t  a t  l i f t o f f  

1 second d e l a y ,   p i l o t   r e a c t i o n  
1 second de lay  t o  i n c r e a s e  power 

1 second de lay  a t  V I I  p i l o t   r e a c t i o n  
1 second de lay   t o   app ly   b rakes  

1 . 0 0  f o r   a c c e l e r a t e - s t o p  

AEO = A l l  eng ines   ope ra t ing  
O E l  = One eng ine   i nope ra t ive  

L A N D I N G  

ipproach  speed:  (Speed a t   3 5 - f t   o b s t a c l e )  
VAp>-l.lOVMCA>-VMCA + 1 5  k t  

- 
a AT CL MAX (APPROACH) -10"(gear down) 

Landing climbout:  
AEO: Climb 2 3.33%(30: l )grad ien t ,  250 fpn 

(gear  down) 

(gea r  UP) 
O E l :  Climb 2 3.33%  (30:   l )gradient ,  250 fpn 

? l i g h t   p a t h  from 35 f t :  
Maximum r a t e   o f   d e s c e n t  

A t  35 f t :  8 0 0  fpm 
A t  touchdown: 300 fpm 

l o t a t i o n :  
1 0  deg/sec maximum 

Iece le ra t ion :  
1 sec time delay 
B r a k i n g   f r i c t i o n   c o e f f i c i e n t  = 0.35 
Maximum d e c e l e r a t i o n  on ground = 0.49 

? a c t o r   f o r   f i e l d   l e n g t h :  
Landlng  dlstance  trom 35 f t  d iv ided  by 
0 .75  



TABLE 5 . 2 - 2  
TAKEOFF  DISTANCE  REQUIRED,  100-PASSENGER  STOL  AIRCRAFT. 

D E S I G N   F I E L D :   2 0 0 0   F T ,  CLEARANCE HEIGHT = 35 F T  

TAKEOFF  AT: 

- DESIGN GROSS WEIGHT 

- SEA  LEVEL  90°F 

- V1 = 6 5  KNOT,  V2 = 8 0  KNOT 

- MAST  ANGLE = 6 0 °  

- FLAPS  3Oo/2O0 

DISTANCE TO 35-FEET  ALTITUDE 

ALL  ENGINES  OPERATING  (AEO) 

1 .15  X AEO DISTANCE 

ONE ENGINE CUT AT V1 

ACCELERATE TO V1 AND STOP 
(2-SECOND DELAY  AT  V1) 

1 6 0 5   F E E T   ( 4 8 9 . 2  M)  

1 8 4 6   F E E T   ( 5 6 2 . 7  M )  

1 6 5 1   F E E T   ( 5 0 3 . 2  M )  

DISTANCE TO STOP 

1 2 8 2   F E E T   ( 3 9 0 . 8  M) 



(32.2OC) i s  7763 shp  (5789 kw). The t r a n s m i s s i o n  l i m i t  i s  
6977 shp  (5203 k w ) .   I f   a n   e n g i n e   f a i l s ,   t h e  power t o  t h e  
ro tors   d rops   f rom 6977 shp (5203 kw) to 5233 shp  (3902 kw) f o r  
o n e   s e c o n d ,   t h e   p i l o t  selects emergency  power  (2+-minute 
r a t i n g )  and  one  second la ter  (engine   response  t i m e )  t h e  power 
a v a i l a b l e  i s  back  up t o  t h e   t r a n s m i s s i o n  l i m i t  o f  6977 shp  
(5203 k w ) .   T h i s   i n c r e a s e d   t h e   t a k e o f f   d i s t a n c e  by on ly  4 6  
f e e t  ( 1 4 . 0  m )  . 
5.2.2 LANDING DISTANCE - Landing   d i s tances  are shown i n  
F igure  5.2-3. With a f i e l d   l e n g t h   f a c t o r   o f  0.75 t h e   a i r c r a f t  
i s  r e q u i r e d   t o   s t o p  i n  1500 f e e t  (457 m )  f rom  the   t h re sho ld .  
The d i s t a n c e   r e q u i r e d  i s  1488 f e e t  (454 m )  w i t h  a d ry  runway 
and   t he   a l lowab le   dece le ra t ion   o f  0.49 .  R e v e r s e   r o t o r   t h r u s t  
i s  a v a i l a b l e   ( t h i s   c o u l d   d e t e r m i n e   l o w e r   c o l l e c t i v e   p i t c h  
l i m i t )  and a t  a m a s t  ang le   o f  60° t h e   a v e r a g e   d e c e l e r a t i o n  
from  aerodynamic  braking  alone was c a l c u l a t e d   t o   b e  0.329. 
The t o t a l   d i s t a n c e   r e q u i r e d   t o   s t o p  was t h e n  1670 f e e t  (509 m ) .  
This   could  be  reduced t o  1500 f e e t  (457 m )  i f   t h e   p y l o n s  were 
converted  from 60° t o  450 (time r e q u i r e d  1.5 seconds)   dur ing  
t h e  l a n d i n g   r o l l .  The con t ro l   sys t em  cou ld  command t h i s  
a u t o m a t i c a l l y  upon s e l e c t i o n   o f   r e v e r s e   r o t o r   t h r u s t .  

Thus, t h e  l a n d i n g   d i s t a n c e  i s  t h e  c r i t i c a l  performance  parameter 
and f o r  a g iven   ro tor   sys tem sets an  upper l i m i t  on  gross   weight .  

5.3 CONVERSION  CORRIDOR 

The c o n v e r s i o n   c o r r i d o r   ( F i g u r e  5.3-1) i s  s l i g h t l y   w i d e r   t h a n  
t h a t   o f   t h e  VTOL tilt ro to r   because   o f  t h e   h i g h - l i f t   f l a p  
system,  and  exceeds 90 kno t s  (167 kph) i n   " w i d t h . "  

A t yp ica l   s equence  a t  t a k e o f f  would  be: 

- climb-out a t  80 kno t s  (148 kph)   a i r speed   t o  1000 f e e t  (305 m) 
a l t i t u d e  

- a c c e l e r a t e   t o  100 kno t s  (185 kph) 

- c o n v e r t   p y l o n s   t o   a i r p l a n e  mode 

- a c c e l e r a t e   t o  140 kno t s  (259 kph) 

- re t rac t  f l a p s  

I f   des i r ed ,   t he   py lons   can   be   conve r t ed   i n   c l imb ing- ,   l eve l - ,  
o r   d e s c e n d i n g - f l i g h t .  
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TABLE 5 . 2 - 3  
LANDING  DISTANCE  REQUIRED,  100-PASSENGER  STOL  AIRCRAFT. 

DESIGN  FIELD: 2000  FEET,  CLEARANCE HEIGHT 35 FEET 

APPROACH : 

- DESIGN  GROSS  WEIGHT 

- SEA  LEVEL  90°F 

- 8 0  KNOT 

- DESCENT RATE 8 0 0  FEET/MINUTE 

- MAST  ANGLE 60° 

DISTANCE TO STOP  WITH  BRAKING 1 4 8 8   F E E T   ( 4 5 3 . 5  M )  
(ALLOWABLE DECELERATION = 0 . 4 G )  

DISTANCE TO STOP  WITH  REVERSE ROTOR 1 6 7 0  F E E T ( 1 )   ( 5 0 9 . 0  M )  
THRUST ONLY 

NOTE 1. CAN BE  REDUCED BY MAST CONVERSION FROM 60° TO 45O 
DURING  LANDING  ROLL 
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FIGURE 5.3-1 
CONVERSION  CORRIDOR,  100-PASSENGER STOL AIRCRAFT. 
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5.4 CLIMB PERFORMANCE 

C l i m b  performance was c a l c u l a t e d  us ing  B e l l  program IFHB 75. 
This   p rogram  inc ludes   ana ly t ica l   methods  t o  c a l c u l a t e   t h e  
power r e q u i r e d   b y  a tilt r o t o r   c o n f i g u r a t i o n   i n  ail f l i g h t  
modes. The ana ly t i ca l   me thods   have   been   co r re l a t ed   w i th  BHC 
wind t u n n e l  tes t  da ta   and  are c u r r e n t l y   b e i n g   u s e d  for  t h e  
XV-15. The program w a s  modif ied t o  allow for  the   wing  
c h a r a c t e r i s t i c s   o f   t h e  STOL tilt rotor .  

Wind t u n n e l  tes t  da ta   have  shown t h a t  a t  speeds  above 4 0  kno t s  
( 7 4  kph)  and m a s t  a n g l e s  less than  6 0  degrees, t h e   r o t o r  
i n t e r f e r e n c e   o n   t h e   w i n g  i s  e s s e n t i a l l y   z e r o .   T h i s  con- 
t r i b u t e d   s i g n i f i c a n t l y   t o   t h e   h i g h   l i f t i n g   e f f i c i e n c y   o f   t h e  
D313. 

5 .4 .1  RATE-OF-CLIMB I N  TAKEOFF  CONFIGURATION - The cl imb 
c a p a b i l i t y   o f   t h e  D313 i n   t a k e o f f   c o n f i g u r a t i o n ,   p y l o n s  60°, 
f l a p s  3Oo/2O0, a t  sea level  90°F (32.2OC), i s  shown i n  
Figure  5.4-1. A t  V2 (80   knots ,   148   kph) ,   the   c l imb r a t e  i s  
1520  ft/min  (463 m/min) a t  t h e   t r a n s m i s s i o n  l i m i t  ( 9 0 %  IRP).  
Th i s   exceeds   t he   r equ i r ed   c l imb  ra te ,  540 ft/min  (165  m/min), 
o f   t h e   s t u d y   g u i d e l i n e s .  Wi th   one   engine   ou t   the   c l imb r a t e  i s  
1 0 6 0  ft /min  (323 m/min) a t  t h e  I R P  r a t ing   (30 -minu te )   o f   t he  
remaining  engines,   and  1520  f t /min  (463 m/min) a t  the  2%-minute 
r a t i n g .  The r e q u i r e d   c l i m b  r a t e  i n  FAA P a r t  XX on t h r e e   e n g i n e s  
i s  250 f t /min  ( 7 6 . 2  m/min).  Note t h a t   t h e  wing s t a l l  speed 
reduces   wi th  climb r a t e .  This i s  due t o   t h e   r o t o r s   c a r r y i n g  
a n   i n c r e a s i n g   p o r t i o n  of gross   weight  as c l i m b   r a t e  i s  
increased .   Thus ,  when cl imbing a t  t h e   t r a n s m i s s i o n  l i m i t  
t h e r e  i s  a margin  of 25 kno t s  ( 4 6  kph)  between  wing s t a l l  
(55   kno t s ,  1 0 2  kph)  and V 2  (80  knots ,  1 4 8  k p h ) .  Wing s t a l l  
s p e e d   i n  level  f l i g h t  i s  6 4  kno t s  ( 1 1 9  k p h ) .  

5.4.2 RATE-OF-CLIMB I N  AIRPLANE C O N F I G U R A T I O N ,  FLAPS 300/2O0 
The c l i m b   c a p a b i l i t y   o f   t h e  D313 i n   a i r p l a n e   c o n f i g u r a t i o n ,  
pylons 0 0 ,  f l a p s  3Oo/2O0, i s  shown a t  sea l e v e l  900F, i n   F i g u r e  
5 .4 .2 .   Ro to r   t i p   speed  i s  6 0 0  f t / s e c   ( 1 8 3  m/sec) and   the  
t r ansmiss ion  l i m i t  i s  r e d u c e d   w i t h   t i p s p e e d   t o  5980 shp 
(4459  kw). The climb ra te  a t  a typ ica l   conve r s ion   speed   o f  1 0 0  
knots  (185  kph) i s  1 2 4 0  ft/min  (378  m/min). Wing s t a l l  speed 
i s  85  knots  (157  kph) i n  level  f l i g h t .  

5.4.3 RATE-OF-CLIMB I N  AIRPLANE CONFIGURATION,  FLAPS RETRACTED 
The c l imb   Capab i l i t y  o f   t h e  D313 i n   a i r p l a n e   c o n f i q u r a t i o n ,  
pylons Oo, f l a p s   r e t r a c t e d ,  i s  shown a t - sea  l e v e l  GOOF, i n -  
Figure  5.4-3.  The maximum c l imb r a t e  i s  1520  ft/min  (463 m/min) 
a t  1 4 0  knots  (259  kph) a t  t h e   t r a n s m i s s i o n  l i m i t .  The FAA 
P a r t  XX r e q u i r e s  a 1 . 7 %  c l i m b   g r a d i e n t  ( 4 1 7  f t /min  ( 1 2 7  m/min) 
a t  1 4 0  k n o t s )   w i t h  3 engines  a t  maximum cont inuous  power 
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FIGURE 5.4-1 
RATE  OF  CLIMB  IN  TAKE-OFF  CONFIGURATION, 

100-PASSENGER  STOL  AIRCRAFT. 
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FIGURE 5.4-2 
RATE  OF  CLIMB  IN  AIRPLANE  CONFIGURATION,  FLAPS (3Oo/2O0) , 

100-PASSENGER  STOL  AIRCRAFT. 
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FIGURE 5 . 4 - 3  
RATE  OF  CLIMB  IN  AIRPLANE  CONFIGURATION,  FLAPS  RETRACTED, 

100-PASSENGER  STOL  AIRCRAFT 
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(68.2% IRP). The D313 climb r a t e  i s  1140 f t /min  (347 m/min) 
fo r   t he   above   cond i t ions .  Wing s t a l l  s p e e d   i n  level f l i g h t  i s  
111 kno t s  (206 kph) .  

5.4.4 RATE  OF  CLIMB  IN  LANDING  CONFIGURATION, FLAPS 5Oo/2O0 - 
The climb a n d   d e s c e n t   c a p a b i l i t y  of t h e  D313 i n   l a n d i n s  con- 
f i g u r a t i o n ,   p y l o n s  60°, f l a p s  5O0/2OO, is shown a t  s e a - l e v e l  
90°F (32.2OC) i n   F i g u r e  5.4-4. A t yp ica l   app roach  a t  80 knots  
(148 k p h ) ,   d e s c e n t  rate 800 f t /min  (244 m/min) i s  shown to 
r e q u i r e  28% I R P .  F u s e l a g e   a t t i t u d e  w a s  c a l c u l a t e d   t o   b e  +3.5O. 
For a bau lked   l and ing   o r   " l and ing   c l imbou t "  a p o s i t i v e   c l i m b  
r a t e  on 4 engines  a t  minimum f l y i n g   s p e e d  (VLOF = 68 k t s ,  126 
kph) i s  r equ i r ed   by :  

- NASA s t u d y   g u i d e l i n e s ,  3.33% g r a d i e n t  (230 f t /min ,  70.1 
m/min) r e q u i r e d  

- FAA, P a r t  XX,  250 f t /min  (76.2 m/min) r e q u i r e d  

The D313 has a c l imb ra te  exceeding 1 0 0 0  f t /min  (305 m/min) i n  
these   condi t ions   and   thus   exceeds   requi rements .  Wing s t a l l  i n  
l e v e l  f l i g h t  i s  62 kno t s  (115 k p h ) .  

A t  t he   app roach   cond i t ion  shown ( 8 0  knots  (140 k p h ) ,  800 f t /min  
(244 m/min) descen t   r a t e )   t he   speed   marg in   f rom maximum wing 
l i f t  i s  9 kno t s   and   t he   ang le   o f   a t t ack   marg in  i s  8 degrees .  
These a r e  less t h a n   d e s i r a b l e   a n d   t h i s   c o n d i t i o n   r e q u i r e d   t h e  
a d d i t i o n   o f   t h e   f u l l - s p a n   w i n g   s p o i l e r s .  A b r i e f   d e s c r i p t i o n  
o f   s p o i l e r   c h a r a c t e r i s t i c s   f o l l o w s .  A s  t h e   p i l o t   b e g i n s   t o  
descend on f i n a l   a p p r o a c h ,  h e  would r a i s e  t h e  s p o i l e r s   t o  
reduce  wing l i f t  approximately 40% and  increase   d rag .  The 
r o t o r   t h r u s t  i s  i n c r e a s e d   t o   c a r r y  t h e  dumped-lift .   Because 
t h e  s p o i l e d  wing  has a 1 0 - d e g r e e   i n c r e a s e   i n   a n g l e   o f   a t t a c k  
a t  i t s  s p o i l e d  maximum value,   Reference 5-2 ,  the   approach  
c o n d i t i o n   w i t h   s p o i l e r s - u p  is  p red ic t ed   t o   have   adequa te  
margins .   Deta i led   wind   tunnel   t es t ing   o f  t h i s  f e a t u r e  i s  
r e q u i r e d .  The l a n d i n g   f l a r e   ( t y p i c a l l y  1.23 g)   can  be made on 
c o l l e c t i v e   p i t c h   a l o n e   o r   t h e   s p o i l e r s   c o u l d   b e   l i n k e d   t o  
c o l l e c t i v e   p i t c h   ( o n l y   i n   t h e   t a k e o f f   a n d   l a n d i n g   c o n f i g u r a -  
t i o n s )   s u c h   t h a t   t h e   s p o i l e r s   c l o s e  as c o l l e c t i v e   p i t c h  i s  
r a i s e d .   C l o s i n g   t h e   s p o i l e r s   f u l l y  would  produce a 1.31 g 
f l a r e .  

I t  s h o u l d   b e   n o t e d   t h a t   t h e   s p o i l e r s   e n a b l e   t h e   r o t o r   t h r u s t  
v e c t o r s   t o   b e   i n c r e a s e d   f r o m  7000 l b f / r o t o r  (28.3 kN) t o  17000 
l b f / r o t o r  (68.8 kN) ( t y p i c a l l y )   i n   t h e   f i n a l   a p p r o a c h   d e s c e n t .  
T h i s   e n a b l e s   s i g n i f i c a n t   c o n t r o l   c h a r a c t e r i s t i c s   t o   b e  
ach ieved   i n   c ros swinds  as d i s c u s s e d   n e x t .  
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FIGURE 5 . 4 - 4  
RATE O F  CLIMB I N  LANDING  CONFIGURATION,  FLAPS  (5Oo/2O0),  

100-PASSENGER  STOL  AIRCRAFT. 
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5.4.5 CONTROL ~~ CHARACTERISTICS I N  CROSSWINDS - The crosswind 
approach   and   f l a r e  i s  a demanding p i l o t i n g   t a s k .   P r e s e n t  
t y p i c a l  CTOL a i r l i n e   o p e r a t i o n s  (B-727)  w i th  1 2 0 - 1 4 0  kno t  
approach  speeds  have set a 25-knot l i m i t  on  the  crosswind com- 
ponent.  The NASA g u i d e l i n e s   f o r   t h i s   s t u d y   i n c l u d e d  a 25-knot 
des ign   c ros swind ,   bu t  a t  t h e  lower STOL approach  speeds ( 8 0  
k n o t   f o r  D313) the   l a rger   c rosswind   c rab   and   bank   angles   can  
s i g n i f i c a n t l y   a d d  t o  t h e   p i l o t i n g   t a s k .  

Two c rosswind   approaches   fo r   t he  D313 are shown i n   F i g u r e  
5 .4 -5 ,   w i th   t he   fu se l age   a l igned   w i th   t he  runway c e n t e r   l i n e  
( z e r o   c r a b  - a n g l e )  . The a i r c r a f t  i s  i n   t h e   l a n d i n g   c o n f i g u r a -  
t i o n   w i t h   p y l o n s  6 0 0 ,  f l a p s  5Oo/2O0 and i s  approaching a t  80 
knots  and a d e s c e n t  ra te  of 800  f t /min  ( 2 4 4  m/min). The 25-knot 
crosswind i s  f rom  the   r i gh t .  

Case ( a )  shows a t y p i c a l  t r immed  approach  for   the D313 wi thou t  
l a t e r a l   c y c l i c   r o t o r   p i t c h .  The f i n   t e n d s   t o   w e a t h e r v a n e  t h e  
n o s e   t o   t h e   r i g h t .   L e f t   r u d d e r  i s  app l i ed   t o   ho ld   t he   nose   on  
t h e  runway cen te r l ine ;   however ,   l e f t   r udde r   a l so   app l i e s   nose -  
l e f t   d i f f e r e n t i a l   c y c l i c  which  adds  to  t h e  n o s e - l e f t   f u s e l a g e  
moment. The n o s e - l e f t  moments a re   ba l anced  by t h e   f i n   n o s e -  
r i g h t  moment which i s  gene ra t ed  by t h e   f i n   s i d e - f o r c e .  To 
b a l a n c e   t h e   f i n   a n d   f u s e l a g e   s i d e   f o r c e s   t o   t h e   l e f t ,   t h e  
p i l o t   h o l d s   t h e   r i g h t   w i n g  low a t  a 6O bank.  This i s  d i s l i k e d  
by t h e   p a s s e n g e r s   a n d   a l s o   a d d s   t o   t h e   p i l o t i n g   t a s k   d u r i n g   t h e  
f l a r e .  

Case  (b) shows a zero-bank  zero-crab  approach  for t h e  D313 wi th  
l a t e r a l   c y c l i c   r o t o r   p i t c h .  The fu l l   span   spo i l e r s   have   been  
r a i s e d   t o   i n c r e a s e  t h e  r o t o r   f o r c e - v e c t o r s   a n d   r o t o r   c o n t r o l  
power.  Right l a t e r a l  cyc l i c   (5 -degrees   o r  4 2  p e r c e n t   o f  
a v a i l a b l e   t r a v e l ) ,  commanded by a t r i m  w h e e l  s e t t i n g ,   b a l a n c e s  
t h e   f u s e l a g e   s i d e   f o r c e   a n d   a p p l i c a t i o n   o f   l e f t   r u d d e r   h o l d s  
t h e  n e t  f i n   f o r c e   t o   z e r o .  The n o s e - l e f t   f u s e l a g e  moment i s  
balanced by 7 - d e g r e e s   o f   d i f f e r e n t i a l   l o n g i t u d i n a l   c y c l i c  
a l s o  commanded by t h e  same t r i m  wheel. The r i g h t  l a t e ra l  c y c l i c  
produces a r o l l - r i g h t  moment which i s  balanced by k0.3 degrees  
o f   d i f f e r e n t i a l   c o l l e c t i v e  (k3.0 d e g r e e s   a v a i l a b l e )  commanded 
by moving t h e   s t i c k   s l i g h t l y   t o   t h e   l e f t .  The t o t a l   c y c l i c  
p i t c h   r e q u i r e d  i s  8 . 6  d e g r e e s   ( s q u a r e   r o o t   o f   t h e  sum of t h e  
squa res   o f  l a t e ra l  a n d   l o n g i t u d i n a l   c y c l i c )   w h i c h  i s  72  p e r c e n t  
o f   t h a t   a v a i l a b l e .  The f l a r e  o n   l a n d i n g   c a n   u t i l i z e   c o l l e c t i v e  
p i t c h   o r   t h e  wing s p o i l e r s .  A t  t h i s   p r e l i m i n a r y   s t a g e ,   t h e  
s p o i l e r s  seem more a t t r a c t i v e   s i n c e   r e t r a c t i o n  of t h e   s p o i l e r s  
would  add a n e a r - v e r t i c a l   l i f t   v e c t o r  which  would  not   dis turb 
the  tr immed  side-force  and yaw-moment c o n d i t i o n s .  The wing 
s p o i l e r s   o b v i o u s l y   r e q u i r e   t h e  same r e l i a b i l i t y  as t h e  ro tor  
con t ro l   sys t em.  
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FIGURE  5.4-5 
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The p i l o t i n g   t a s k  i n  t h e  c r i t i ca l  crosswind  approach  has   been 
s i m p l i f i e d   b e c a u s e   o f   t h e   u n i q u e   t h r u s t  vector- t i l t  c o n t r o l  
c a p a b i l i t i e s   o f   t h e  tilt ro tor  system.  This w i l l  r e s u l t   i n  
f e w e r   d e l a y s   i n   s e v e r e   c r o s s w i n d s   a n d   i n  less f a t i g u e  damage 
t o  t h e   l a n d i n g   g e a r .  

The d e f i n i t i o n   o f   s i d e - f o r c e   c o n t r o l   c a p a b i l i t i e s   a v a i l a b l e  
w i t h  l a t e ra l  c y c l i c  t r i m  i s  an   exce l l en t   advanced   r e sea rch  
t a s k   w i t h   t h e  XV-15 a i r c r a f t .  

5.5 CRUISE  PERFORMANCE 

The a i r p l a n e   c r u i s e   e n v e l o p e   f o r   t h e  D313, w i th  a l l  engines   oper -  
a t i n g ,  i s  shown i n   F i g u r e  5.5-1. The lower l i m i t  i s  a t  1 . 2 ~  wing 
s t a l l  (based  on a maximum wing l i f t   c o e f f i c i e n t  of 1 . 5 8 ,   f l a p s  
r e t r a c t e d ) .  The upper  boundary i s  l imi t ed   by  maximum cont inuous  
power (MCP) o r  by t h e   t o r q u e  l i m i t  o f   the   d r ive   sys tem.   Cru ise  
speed a t  MCP i s  278 knots  (515  kph) a t  11000 f e e t   ( 3 3 5 3  m) and 
2 7 4  knots   (507 kph) a t  20000  fee t  ( 6 0 9 6  m ) .  

FIGURE 5.5-1 
CRUISE  PERFORMANCE,  ALL  ENGINES  OPERATING, 

100-PASSENGER  STOL  AIRCRAFT. 
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6 .  NOISE  CHARACTERISTICS 

T i l t  r o t o r   n o i s e  levels are c a l c u l a t e d   w i t h   t h e  BHC r o t o r c r a f t  
no ise   p red ic t ion   computer   p rogram KA9701. This   p rocedure   uses  
t h e   a n a l y t i c a l   f o r m u l a t i o n   o f  Lowson and   Ol le rhead   (Reference  
6-1)  a n d   a l s o   c o r r e l a t i o n   w i t h   e x p e r i m e n t a l   d a t a .   F o r   t h i s  
s t u d y   w h i r l  t e s t  d a t a   o f   t h e  BHC Model  300 tilt ro tor  a t  
Wright-Pat terson A i r  Force Base (Reference  6-2)  w e r e  u s e d   f o r  
c o r r e l a t i o n .   T h i s   r o t o r  i s  i d e n t i c a l   t o   t h e   r i g h t - h a n d   r o t o r  
o f   t h e  XV-15. 

6 . 1  N O I S E  CONTOURS AT TAKEOFF 

The D 3 1 3  n o i s e   c o n t o u r s   f o r   t a k e o f f  a t  s e a   l e v e l  90°F are 
shown i n   F i g u r e  6 .1-1 .  Climb ra te  i s  1 4 0 0  f t /min  ( 4 2 7  m/min) 
a t  80  kno t s  ( 1 4 8  k p h ) .  Climb g r a d i e n t  i s  +9 .9  degrees   and 
t h e   f u s e l a g e   p i t c h   a t t i t u d e  i s  + 1 0 . 2  deg rees .  The pe rce ived  
n o i s e  a t  t h e  500 foot   (152  m )  s i d e l i n e  i s  9 6  PNdB. The a r e a  
w i t h i n   t h e  95 PNdB contour  i s  113.4 acres ( .459 sq km). 

6 . 2  N O I S E  CONTOURS AT LANDING 

The D313 n o i s e   c o n t o u r s   f o r   l a n d i n g   a t   s e a   l e v e l  90°F are shown 
i n   F i g u r e  6 .1-2 .  Descent ra te  i s  800  f t /min  ( 2 4 4  m/min) (NASA 
s p e c i f i e d  maximum) a t  80 knots  ( 1 4 8  kph) .   Approach   grad ien t  
i s  - 5 . 6   d e g r e e s   a n d   t h e   f u s e l a g e   p i t c h   a t t i t u d e  is +3.5  degrees .  
The p e r c e i v e d   n o i s e   a t   t h e  500 foot   (152 m)  s i d e l i n e  i s  9 0  
PNdB. The a r e a   w i t h i n   t h e  95 PNdB con tour  i s  57.9 acres 
(.234 sq km) . 
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FIGURE 6.1-1 
NOISE  FOOTPRINT,  TAKEOFF,  100-PASSENGER  STOL  AIRCRAFT 
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FIGURE 6.1-2 
NOISE  FOOTPRINT,  LANDING,  100-PASSENGER  STOL  AIRCRAFT 
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7. HANDLING QUALITIES 

The s t a b i l i t y ,   c o n t r o l   a n d   h a n d l i n g   q u a l i t i e s   a n a l y s e s   o f   t h e  
D 3 1 3  100-passenger STOL p o i n t   d e s i g n  are based  on  the results 
obtained  f rom a d i g i t a l   v e r s i o n   o f   t h e  NASA tilt r o t o r   f l i g h t  
simulation  computer  program.  This  program i s  descr ibed  below.  
D e f i n i t i o n   o f   t h e   c o n f i g u r a t i o n ,   i n p u t s   f o r   t h e   p r o g r a m ,   a n d  
t h e   r e l a t i o n s h i p s  t o  t h e  XV-15 are d e s c r i b e d   i n   S e c t i o n  7 . 2 .  
The f o l l o w i n g   h a n d l i n g   q u a l i t i e s   t o p i c s  are d i s c u s s e d   i n   t h e  
subsequent   paragraphs :  s ta t ic  t r i m  s t a b i l i t y ,  dynamic s t a b i l i t y ,  
c o n t r o l  power  and a t t i t u d e   r e s p o n s e ,   c r u i s e   f l i g h t  maneuver 
s t a b i l i t y   a n d   s e v e r a l   c o n c l u s i o n s .  Low speed   gus t   r e sponse  
i s  d i s c u s s e d   i n   S e c t i o n  9 "SAFETY  ASPECTS." 

7.1 BASIS FOR ANALYSIS 

The s t a b i l i t y ,   c o n t r o l   a n d   h a n d l i n g   q u a l i t i e s   a n a l y s i s  i s  
based   on   r e su l t s   ob ta ined   f rom a d i g i t a l   v e r s i o n   o f   t h e  NASA 
tilt r o t o r   f l i g h t   s i m u l a t i o n   p r o g r a m ,   d e s i g n a t e d  BHC Program 
IFHB75. The math  model i n c l u d e s  a six-degree-of-freedom t r i m  
i t e r a t i o n   r o u t i n e  w h i c h   p r o v i d e s   t h e   c a p a b i l i t y   t o   a n a l y z e  
l a t e r a l / d i r e c t i o n a l   c h a r a c t e r i s t i c s ,   i n c l u d i n g   t h e   e f f e c t s   o f  
a s t e a d y - s t a t e   c r o s s w i n d   c o n d i t i o n   t h r o u g h o u t   t h e   f l i g h t  
envelope.  Gust  and c o n t r o l   r e s p o n s e   p r e d i c t i o n s   a r e   i n c l u d e d  
i n   t h e  dynamic  phase  of   the  model ;   however ,   inputs   are  
c u r r e n t l y   l i m i t e d  t o  s t e p   f u n c t i o n s   f o r   b o t h  cases. The pro- 
gram now i n c l u d e s   t h e   c a p a b i l i t y   o f   e v a l u a t i n g   d y n a m i c   s t a b i l i t y  
r o o t s   w i t h   t h e  XV-15 S t a b i l i t y  and  Control  Augmentation  System 
(SCAS)  o p e r a t i n g   i n   o r d e r   t o   p r e d i c t   t h e   i m p r o v e m e n t s   o v e r  
t h o s e  of t h e   b a s i c   a i r c r a f t .  Improved thrust   and  horsepower 
c o r r e l a t i o n   w i t h   f u l l - s c a l e  tes t  d a t a  r e c e n t l y  have  been 
i n c o r p o r a t e d   i n   t h e  math  model. 

7.2 C O N F I G U R A T I O N  D E F I N I T I O N  
" 

The 100-passenger STOL tilt r o t o r   c o n f i g u r a t i o n   a n a l y z e d   f o r  
t h i s   s t u d y   p o s s e s s e s   c e r t a i n   i d e n t i c a l   c h a r a c t e r i s t i c s   t o  
t h o s e   o f   t h e  XV-15 a i r c r a f t ,  as fo l lows :   b l ade   s ec t ion   p rope r -  
t ies  ( i . e . ,  t w i s t ,  l i f t  and   d rag   coe f f i c i en t s ,   p recone   ang le  
and t i p  loss f a c t o r ) ;  rotor-on-empennage  and  wing-on-empennage 
i n d u c e d   f l o w   c h a r a c t e r i s t i c s ;   c o c k p i t   c o n t r o l   t r a v e l s ,  ro tor  
c y c l i c  and c o l l e c t i v e   r i g g i n g s   ( w i t h   t h e   e x c e p t i o n s   n o t e d  
be low) ;   e l eva to r   r i gg ing ;   and   ro to r / eng ine   gove rnor   cha rac -  
teristics. 

Por t ions   o f   t he  STOL conf igura t ion   which  are independent  or 
d i f f e r e n t   f r o m   t h a t   o f   t h e  XV-15 were eva lua ted   and   incor -  
p o r a t e d   s e p a r a t e l y   i n t o   t h e  math  model.  These w e r e :  

- F u s e l a g e   p i t c h i n g  moment v a r i a t i o n   w i t h   a n g l e   o f   a t t a c k  
( M a )  and  yawing moment v a r i a t i o n   w i t h   s i d e s l i p   a n g l e  (NB). 
These  changed  the  required empennage  volume c o e f f i c i e n t s .  
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- Wing-flap l i f t ,   d r a g   a n d   p i t c h i n g  moment c o e f f i c i e n t s .  

- Wing l a t e r a l / d i r e c t i o n a l   d e r i v a t i v e s .  

- S p o i l e r   l i f t ,   r o l l   a n d  yaw c o e f f i c i e n t s   a n d   r i g g i n g .  

- Rudder chord  increased  f rom  25% (XV-15) t o  4 0 %  of f i n  
chord.   Rudder   t ravel   increased  f rom +20° t o  +250. 

- D i f f e r e n t i a l   c o l l e c t i v e   p i t c h  i s  r i g g e d   t o   t h e   p e d a l s  as 
w e l l  as t h e   l a t e r a l   s t i c k ,   t o   i n c r e a s e  yaw c o n t r o l  power. 

- D i f f e r e n t i a l  F/A c y c l i c   r i g g i n g .  However, approximately 
t h e  same d i f f e r e n t i a l   c y c l i c   t r a v e l   ( w i t h   p e d a l )  i s  
a v a i l a b l e   d u r i n g   a n  STOL t akeof f   o r   l and ing   (mas t   ang le  = 
6 0 0 ,  80  k n o t   a i r s p e e d )  as t h e  XV-15 i n   hove r   w i th   t he   mas t  
ve r t i ca l .  

- H o r i z o n t a l   s t a b i l i z e r   i n c i d e n c e  4 0  nose  down, t o   r e d u c e  
t h e  downwind r o t o r   f l a p p i n g   i n  a crosswind  approach.  

Throughout   the   ana lyses ,   des ign   gross   weight  was used  and  the 
cen te r -o f -g rav i ty   r ange  i s  t h a t   d e f i n e d   i n   p a r a g r a p h  4 . 7  o f  
the  Design Cr i te r ia ;  i . e . ,  p a y l o a d   s h i f t   o f  +5 p e r c e n t   o f   t h e  
pas senge r   cab in   l eng th .  The b a s i c   g e o m e t r i c   d a t a   ( r o t o r ,   f u s e -  
lage ,   wing/pylon ,   l anding   gear  s i z e s  a n d   l o c a t i o n s ) ,   w e i g h t ,  
c e n t e r - o f - g r a v i t y ,   r o t o r  rpm and   s ca l ed   pa rame te r s   ( such  as t h e  
b l a d e   d y n a m i c   c h a r a c t e r i s t i c s ,   e n g i n e   r a t e d   p o w e r ,   a n d   t o t a l  
a i r c r a f t   i n e r t i a s )  were d e f i n e d  by the   des ign   syn thes i s   me thod .  

7.3 STATIC TRIM STABILITY 

L o n g i t u d i n a l   c o n t r o l   p o s i t i o n   a n d  a i r c ra f t  p i t c h   a t t i t u d e   f o r  
trimmed l eve l   f l i gh t   t h roughou t   t he   speed   and   conve r s ion   ang le  
r a n g e s   a r e  shown i n   F i g u r e   7 . 3 - 1   f o r   b o t h   t h e   f o r w a r d   a n d   a f t  
cen te r -o f -g rav i ty   l oca t ions .   Because   on ly  small d i f f e r e n c e s  
e x i s t   i n   c o n t r o l   p o s i t i o n   w i t h   f l a p s / s l a t s   i n   t a k e o f f  (3Oo/2O0) 
and  landing (5O0/2OO) p o s i t i o n s ,   o n l y   t h e   l a n d i n g   c o n f i g u r a t i o n  
i s  shown. The t akeof f ,   conve r s ion   and   l and ing   da t a   r ep resen t  
s e a - l e v e l   t r o p i c a l   d a y   c o n d i t i o n s   w i t h  a 25-knot  crosswind  and 
h e l i c o p t e r  mode rpm whereas   t he   a i rp l ane   conf igu ra t ion   r ep re -  
s e n t s   c r u i s e   c o n d i t i o n s  a t  2 0 0 0 0  f e e t ,   s t a n d a r d   d a y   w i t h o u t  a 
crosswind  and a t   t h e  lower c r u i s e   t i p s p e e d .  A f ly -by-wire   cont ro l  
sys tem  or  a s l i g h t l y   l a r g e r   h o r i z o n t a l  t a i l  area would  improve 
t h e   s h a l l o w   s t i c k   g r a d i e n t   i n   t h e   a i r p l a n e  mode. 

S t a t i c  t r i m  s t a b i l i t y   f o r   t h e   f o l l o w i n g   c l i m b   a n d   d e s c e n t  con- 
d i t i o n s ,   w i t h  a 25-knot  crosswind, i s  shown i n  F igure  7 .3-2 :  
t akeoff   c l imb ( 1 4 0 0  fpm, 427  m/min) ,   landing  c l imb ( 2 6 0  fpm, 
79 m/min) and   landing   descent  ( 8 0 0  fpm, 2 4 4  m/min) . The 
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FIGURE 7.3-1 
STATIC  TRIM  STABILITY,  LEVEL  FLIGHT 
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FIGURE 7.3-2 
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l o n g i t u d i n a l   c o n t r o l   p o s i t i o n s   f o r   e a c h   f l i g h t   c o n d i t i o n  are 
similar s i n c e  collective p i t c h  i s  t h e   p r i m a r y   v a r i a b l e ;   t h e r e -  
fo re ,   on ly   one  F/A s t i c k   v a l u e  i s  p resen ted   fo r   each   speed .  
Although  the a i rc raf t  i s  still i n  a trimmed f l i g h t   c o n d i t i o n  
w i t h   s u f f i c i e n t   r o t o r   t h r u s t   m a r g i n   a v a i l a b l e ,   t h e   w i n g  i s  
beyond s t a l l  du r ing  a l a n d i n g   d e s c e n t  a t  t h e  minimum c o n t r o l  
s p e e d   ( w i t h   s p o i l e r s   r e t r a c t e d )   a n d   t h e r e b y   r e s u l t s   i n  a 
more a f t  c o n t r o l   p o s i t i o n   a n d   h i g h e r   f u s e l a g e   p i t c h   a t t i t u d e  
than   would   occur   wi th   an   uns ta l led   condi t ion .   This   condi t ion  
i s  r e c t i f i e d  by t h e  wing s p o i l e r s  as d i s c u s s e d   i n   S e c t i o n   5 . 4 . 4 .  
The f u s e l a g e   p i t c h   a t t i t u d e s  are a l l  w i t h i n   t h e   s p e c i f i e d  l i m i t s  
of   paragraph 5 . 1  of the  Design Cr i te r ia  ( + 2 0 0 ,  -100) w i t h   t h e  
except ion   of   the   l anding   descent   conf igura t ion   above  1 1 7  kno t s  
( 2 1 7  kph)  which i s  w e l l  beyond t h e   m i s s i o n   p r o f i l e .  

7 . 4  DYNAMIC STABILITY 

Level f l i g h t  dynamic s t a b i l i t y   f o r   t h r e e   o s c i l l a t o r y   f l i g h t  
modes i s  p r e s e n t e d   f o r   t h e   t a k e o f f   c o n f i g u r a t i o n   i n   F i g u r e s  
7 . 4 - 1  and 7 .4 -2 ,  f o r   t h e   a i r p l a n e  cruise c o n f i g u r a t i o n   i n  
Figures  7.4-3  and 7 . 4 - 4 ,  and f o r   t h e   l a n d i n g   c o n f i g u r a t i o n   i n  
Figures  7.4-5  and 7 . 4 - 6 .  The l o n g i t u d i n a l   S h o r t   P e r i o d  mode 
i s  shown o n   t h e   f i r s t   f i g u r e   o f   e a c h   c o n f i g u r a t i o n  set  and 
t h e   l o n g i t u d i n a l   P h u g o i d  mode a n d   l a t e r a l / d i r e c t i o n a l  Dutch Roll 
mode a r e  shown on   t he   s econd   f i gu re   o f   each   conf igu ra t ion  set .  
The Roll a n d   S p i r a l  modes a r e   s t a b l e   t h r o u g h o u t   t h e   f l i g h t  
envelope shown.  Both t h e   a f t  and   forward   cen ter -of -gravi ty  
r o o t s   a r e   i n d i c a t e d  on e a c h   f i g u r e .   F o r   t h o s e   c o n f i g u r a t i o n s  
w h e r e   t h e   b a s i c   a i r c r a f t   s t a b i l i t y   r o o t s  (SCAS-off) are n o t  
w i t h i n   t h e   L e v e l  i l i m i t s  o f   the   Des ign   Cr i te r ia   (paragraph  
1 . 1 . 4 ) ,  SCAS-on r o o t s  are shown u s i n g   t h e  XV-15 SCAS ( g a i n s ,  
t i m e  c o n s t a n t s ,  e t c .  ) 

I n   t h e   t a k e o f f   c o n f i g u r a t i o n ,   t h e   s h o r t   p e r i o d  mode (F igu re  
7 . 4 - 1 )  a t  forward   c .g .  meets Level 1 above   95 ,knots  ( 1 7 6  kph) 
wi thou t  SCAS and  the SCAS b r i n g s   t h i s  mode i n t o   t h e   L e v e l  1 
region   be low  th i s   speed .  A t  a f t   c . g . ,   t h e   s h o r t   p e r i o d  mode 
becomes s t a b l e   a p e r i o d i c   w i t h o u t  SCAS; however,   the SCAS a g a i n  
b r i n g s   t h i s  mode i n t o   t h e   L e v e l  1 region.   For   the  Phugoid  and 
Dutch R o l l  modes du r ing  a takeoff   c l imb  (F igure  7 . 4 - 2 ) ,  SCAS 
is  r e q u i r e d   t o   p r o v i d e   s u f f i c i e n t  damping f o r   t h e   s t a b l e  Level 
1 r e g i o n .  

I n   t h e   a i r p l a n e   c r u i s e   c o n f i g u r a t i o n ,   t h e   s h o r t   p e r i o d  mode 
(Figure  7.4-3) a t  forward  c .g .  meets Level 1 between 1 6 0  kno t s  
( 2 9 7  kph)  and 280 kno t s   (519   kph)   wh i l e   t he   a f t   c .g .  roots a r e  
aper iodic   beyond 2 2 0  knots   (408   kph) .  By r e c o n f i g u r i n g   t h e  
SCAS o r   i n c r e a s i n g   t h e   h o r i z o n t a l   s t a b i l i z e r  area by 13%  (from 
270  t o  305 f t 2 ) ,   t h e   a f t   c . g .   s h o r t   p e r i o d   r o o t s  would f a l l  
i n t o   t h e   o s c i l l a t o r y  Level 1 reg ion .   F igu re  7.4-4 i n d i c a t e s  
that   both  the  Phugoid  and  the  Dutch Roll modes o f   t h e   b a s i c  
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FIGURE 7.4-1 
DYNAMIC  STABILITY,  TAKE-OFF  CONFIGURATION 
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PIGU.RE 7.4-2 
DYNAMIC  STABILITY,  TAKE-OFF  CONFIGURATION 
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FIGURE 7 . 4 - 3  
DYNAMIC STABILITY,  AIRPLANE  CONFIGURATION 
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100-PASSENGER  STOL  AIRCRAFT 

260 SHORT PERIOD 

240 
X V - 1 5  SCAS 
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F I G U R E  7 . 4 - 4  

100-PASSENGER  STOL A I R C M T  
DYNAMIC  STABILITY,  AIRPLANE  CONFIGURATION 

DGW = 64300 LBF 

OTHER OSCILLATORY MODES 
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FIGURE 7.4-5 
DYNAMIC  STABILITY,  LANDING  CONFIGURATION 

DGW = 64300 LBF 
100-PASSENGER  STOL  AIRCRAFT 
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FIGURE 7.4-6 
DYNAMIC  STABILITY,  LANDING  CONFIGURATION 

100-PASSENGER  STOL  AIRCRAFT 
DGW = 64300 LBF 
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a i r c ra f t  (SCAS-off) meet the  Design Cri ter ia  Level  1. With 
t h e   e x c e p t i o n  of the  160-knot  ( 2 9 7  kph)   po in t  a t  forward  c .g . ,  
t h e  Dutch Ro l l  mode exceeds   the   requi rements   o f   the  AGARD-R- 
577-70 N o r m a l  F l i g h t  l i m i t ;  however,   the  160-knot  point  does 
meet t h e  AGARD S i n g l e   F a i l u r e  l i m i t .  Above 180  knots ( 3 3 4  k p h ) ,  
t h e  Dutch R o l l  mode a l so  meets MIL-F-8785B Level  1, Category B 
damping  and  frequency  requirements. 

I n   t h e   l a n d i n g   a p p r o a c h   c o n f i g u r a t i o n   ( F i g u r e s  7.4-5  and 7 . 4 - 6 ) ,  
t h e   r e s u l t s   f o r   e a c h   o f   t h e   t h r e e   s t a b i l i t y  modes are similar 
t o   t h o s e   f o r   t h e   t a k e o f f   c l i m b   c o n f i g u r a t i o n .  The Level 2 con- 
d i t i o n s   a r e   s a t i s f i e d   f o r   t h e   S h o r t   P e r i o d  mode a t  e i t h e r   c . g .  
l o c a t i o n   a t   t h e  minimum c o n t r o l   s p e e d   ( 6 5   k n o t s ,  1 2 0  k p h ) .  The 
b a s i c   a i r c r a f t   p o s s e s s e s   s u f f i c i e n t   P h u g o i d  damping  and  again, 
SCAS would  be  necessary  to  damp t h e  Dutch  Roll mode below 8 0  
kno t s  ( 1 4 8  kph) .  

7 . 5  CONTROL POWER AND ATTITUDE RESPONSE 

A t t i t u d e   c o n t r o l  power (determined  f rom  the  t r immed  cockpi t  
c o n t r o l   p o s i t i o n s ,   t o t a l   a v a i l a b l e   c o n t r o l  moment s e n s i t i v i t i e s  
f rom  the   ro to r   and   con t ro l   su r f aces ,   and   t he   appropr i a t e  
i n e r t i a s )  are a n a l y z e d   f o r   f o u r   d i f f e r e n t   f l i g h t   c o n f i g u r a t i o n s  
as shown in  Figures   7 .5-1  through  7 .5-4.  The s tudy  i s  made i n  
e a c h   o f   t h e   t h r e e   p r i n c i p a l   a x e s   ( s i n g l e   c h a n n e l s )   f o r   t h e  
a p p r o p r i a t e   m i s s i o n   p r o f i l e   c o n d i t i o n s   t o   d e t e r m i n e   t h e   m o s t  
c r i t i c a l  condi t ion   which   would   sa t i s fy   the  minimum Level 1 
requirements   of   Design Cri ter ia  paragraph 1.1.1. Yaw c o n t r o l  
power i s  o b t a i n e d   f r o m   t h e   r u d d e r ,   d i f f e r e n t i a l   c y c l i c   p i t c h  
and d i f f e r e n t i a l   c o l l e c t i v e   p i t c h  on t h e   r o t o r .  Roll c o n t r o l  
i s  obta ined   f rom  asymmetr ica l   ou tboard   spoi le r   def lec t ion   and  
d i f f e r e n t i a l   c o l l e c t i v e   p i t c h  on t h e   r o t o r .   P i t c h   c o n t r o l  i s  
ob ta ined  from the   e l eva to r   and   symmet r i ca l   cyc l i c   p i t ch   on   t he  
r o t o r .   T h r u s t / l i f t   c o n t r o l  i s  provided  by s y m m e t r i c a l   c o l l e c t i v e  
p i t c h   o n   t h e   r o t o r .   I n   l a n d i n g   c o n f i g u r a t i o n ,   s y m m e t r i c a l  
s p o i l e r   d e f l e c t i o n  i s  a l s o   u s e d   f o r   l i f t   c o n t r o l .  

A v a i l a b l e   a n g u l a r   a a c e l e r a t i o n s   i n   e a c h   a x i s   f o r   t h e   t a k e o f f -  
c l imb   conf igu ra t ion   w i th  a 25-knot (46 kph)   crosswind  are  shown 
i n   F i g u r e  7.5-1.  Control  power a t  both   c .g .   ex t remes   in   each  
a x i s  i s  s u f f i c i e n t   t o  meet the   r equ i r emen t s   fo r   t r imming   i n  a 
cl imb  (with  crosswind)   f rom minimum con t ro l   speed   t o   125   kno t s  
(232  kph) ; and  subsequent ly ,   for   possess ing   enough  cont ro l  

margin   to   acce le ra te   beyond  the  minimum Level  1 cr i ter ia  by 
apply ing   the   appropr ia te   cont ro l   independent ly   f rom t r i m  t o  
t h e   n e a r e s t   s t o p .   I n   a d d i t i o n ,   t h e   a v a i l a b l e   p i t c h   c o n t r o l  
power was i n v e s t i g a t e d   d u r i n g  a t a k e o f f   g r o u n d   r o l l  a t  80  kno t s  
w i t h   t h e   g e a r  still i n   c o n t a c t   w i t h   t h e  runway. It  was found 
t h a t   s u f f i c i e n t   c o n t r o l  power ex is t s  t o  ro ta te  t h e   a i r c r a f t  
a b o u t   t h e   m a i n   g e a r   t o   t h e   d e s i r e d   l i f t o f f   a t t i t u d e   a n d   r e t a i n  
a n   a f t   s t i c k   m a r g i n .  
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FIGURF: 7.5-1 
SINGLE-CHANNEL  CONTROL  POWER,  TAKE-OFF  CONFIGURATION 

100-PASSENGER  STOL  AIRCRAFT 
DGW = 64300  LBF 

R/C = 1400 FPM XWND = 25 K[: 

AVAILABLE PITCH 
ACCELERATION 

RAD/SEC~ 

AVAILABLE  ROLL 
ACCELERATION 

RADISEC~ 

AVAILABLE YAN 
ACCELERATION, 
RAD/SEC* 

I 

,7- 
. 6 -  
,5 -  
,4 

,8r  
,1- 
,2- 

- , 3  

- 

, 6  - 

.4 - 

.2 = 

,5 - 
,4 - 
, 3  

,2 

- 
- 

,1 - 

MINIMUM 

IFLAPS 30/20l 
GEAR DOWN 
S.L. goo F 

MINIMUM 
LEVEL 1 
mmrr 

MINIMUM 
LEVEL 1 

0 '  I 1 1 

60 70 80 90 100 110 120 130 
GROUND SPEED , KTS 

I I I I I I I 

100 125  150 ~ 175  200  225  250 
~~ 

GROUND SPEED, KM/HR 

5 7  



. _  ..... "" .., .. ...._ 

FIGURE 7.5-2 
SINGLE-CHANNEL  CONTROL  POWER,  CONVERSION  CONFIGURATION 

DGW = 64300 LBF 
100-PASSENGER  STOL  AIRCRAFT 
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FIGURF: 7.5-3 
SINGLE-CHANNEL  CONTROL  POWER,  AIRPLANE  CONFIGURATION 

100-PASSENGER  STOL  AIRCRAFT 
DGW = 64300 LBF 
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FIGURE 7.5-4 
SINGLE-CHANNEL  CONTROL  POWER,  LANDING  CONFIGURATION 

100-PASSENGER  STOL  AIRCRAFT 
DGW = 64300 LBF 

R/D = 800 FPM 
XIIND = 25 KT 
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A t t i t u d e   c o n t r o l  power f o r   t h e   c o n v e r s i o n   c o n f i g u r a t i o n  
(OM = 60°) i n  level  f l i g h t   w i t h  a crosswind i s  p resen ted  fo r  
b o t h   t h e   f l a p s   n e s t e d   a n d  30/20 pos i t i ons   (F igu re   7 .5 -2 ) .  
Adequate   acce le ra t ion   capabi l i ty   f rom t r i m  e x i s t s   f o r  a l l  
c o n d i t i o n s  shown. 

Figure  7.5-3 shows t h e   c o n t r o l  power c a p a b i l i t i e s   f o r   t h e  air-  
p l a n e   c r u i s e  mode a t  20000  f e e t  ( 6 0 9 6  m ) ,  s t a n d a r d   d a y ,   l e v e l  
f l igh t ,   no   c rosswind   condi t ions .   S ince   the   t r immed  condi t ions  
are w i t h   n e u t r a l   p e d a l s   a n d   l a t e r a l   s t i c k ,   t h e s e   c o n t r o l s   c a n  
b e   a p p l i e d   t o   e i t h e r   s t o p   t o   o b t a i n   t h e   d e s i g n a t e d  accelera- 
t i o n s .  The most c r i t i c a l  r o l l   a c c e l e r a t i o n   c o n d i t i o n   e x i s t s  
a t  1 6 0  kno t s  ( 2 9 7  kph)  which i s  on ly  8% above s t a l l  speed .   I f  
n e c e s s a r y ,   a d d i t i o n a l  r o l l  cont ro l   could   be   ob ta ined   f rom 
d e f l e c t i o n   o f   t h e   i n b o a r d   s p o i l e r   p a n e l .  However, s i n c e   t h i s  
p o i n t  i s  below 1 . 2  x V s t a l l  and  the minimum Level 1 cr i te r ia  
( . 4  r a d / s e c 2 )  i s  m e t ,  t h e   c o n d i t i o n  is  cons idered   adequate .  

I n   t h e   l a n d i n g   d e s c e n t   c o n f i g u r a t i o n   ( F i g u r e   7 . 5 - 4 ) ,   t h e   m o s t  
c r i t i c a l  yaw a c c e l e r a t i o n   c o n d i t i o n   e x i s t s  a t  80 kno t s  ( 1 4 8  kph) 
and   forward   cen ter -of -gravi ty .   In   th i s   c rosswind   condi t ion ,   the  
remaining yaw c o n t r o l  power i s  e x a c t l y  .1 rad/sec2  which i s  t h e  
minimum Level 1 requirement   (50%  of  . 2  r a d / s e c 2 ) .  The p i t c h  
c o n t r o l  power  below 8 0  kno t s  ( 1 4 8  kph)   i nd ica t e s  a reversal i n  
t r e n d   f o r   b o t h   c . g .   c o n d i t i o n s   d u e   t o   t h e   s t i c k   p o s i t i o n s  
r e s u l t i n g   f r o m   w i n g   s t a l l   ( d i s c u s s e d   i n   S e c t i o n  7 . 3 ) .  The 
n e a r e s t   s t o p  i s  t h e   a f t  l i m i t  a t  forward   c .g . ,   thereby  
r e d u c i n g   t h e   a v a i l a b l e   m a r g i n  i n  t r i m .  The forward  margin i s  
s i g n i f i c a n t l y   i n c r e a s e d  a t  t h e   a f t   c . g .   c o n d i t i o n   o v e r   t h a t  
which  would e x i s t   i f   t h e  wing w e r e  n o t   s t a l l e d .  

I n  o rde r   t o   demons t r a t e   t he   maneuver   con t ro l  power c a p a b i l i t y  
f o l l o w i n g   t h e   s i m u l t a n e o u s   a p p l i c a t i o n   o f  a l l  th ree   p r imary  
controls ,   Table   7 .5-1 shows an  example a t   t h e  most c r i t i c a l  
yaw cond i t ion   d i scussed   above .  Along w i t h   t h e   l e f t   p e d a l  
i n p u t ,   t h e   s t i c k  i s  s i m u l t a n e o u s l y   s t e p p e d   t o   t h e   l e f t / f o r w a r d  
l i m i t .  Because  of   the  moderate  amount of r o t o r   r o l l / y a w  
c o u p l i n g ,   t h e  yaw a c c e l e r a t i o n  i s  more than  twice t h e   r e q u i r e -  
ment ( 1 0 0 % )  a n d   t h e   r e s u l t i n g   r o l l   a n d   p i t c h   a c c e l e r a t i o n  
c a p a b i l i t i e s  f a r  exceed   t he i r   r equ i r emen t s  ( 3 0 % ) .  

T i m e  h i s t o r i e s   o f  yaw, p i t c h   a n d   r o l l   a t t i t u d e   r e s p o n s e   t o  
i n d e p e n d e n t   c o n t r o l   i n p u t s  a t  the   mos t  c r i t i ca l  a c c e l e r a t i o n  
c o n d i t i o n s   d i s c u s s e d   p r e v i o u s l y  are shown in   F igure   7 .5-5 .  
The yaw and r o l l  cr i t ical  c o n d i t i o n s  are d iscussed   above   whi le  
t h e  most c r i t i c a l  c o n d i t i o n   f o r   p i t c h   a c c e l e r a t i o n   e x i s t s   i n  
the   l anding   approach  mode a t  minimum cont rb l   speed   and  a f t  c .g .  
A l t h o u g h   t h e   a v a i l a b l e   a c c e l e r a t i o n   c a p a b i l i t y  i s  a c c e p t a b l e  
a t  each   one   o f   t he   po in t s ,   t hese   r ep resen t   t he   mos t  c r i t i c a l  
c o n d i t i o n s   i n   e a c h   a x i s   a n d ,   t h e r e f o r e ,  w e r e  s e l e c t e d  t o  
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TABLE 7.5-1 
SIMULTANEOUS  CONTROL  POWER,  LANDING  CONFIGURATION 

DGW = 64300 LBF 
100-PASSENGER  STOL  AIRCRAFT 

R/D = 800 FPM,  XWND = 25 KT 
GROUND SPEED = 80 KT 
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F I G U R E  7.5-5 
ATTITUDE  RESPONSE,  SCAS O F F  
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i nd ica t e   t he   angu la r   r e sponse   w i th in   one   s econd   fo l lowing  a 
s t e p   i n p u t .  The a t t i t u d e s   e x c e e d   t h e  minimum r e q u i r e m e n t s   i n  
a l l  t h r e e  axes. 

7.6 CRUISE FLIGHT MANEWER STABILITY 

The s t i c k - f i x e d   m a n e u v e r   s t a b i l i t y  a t  miss ion  cruise c o n d i t i o n s  
and   des ign   gross   weight  i s  shown i n   F i g u r e  7.6-1.  The forward 
c e n t e r - o f - g r a v i t y   p o i n t  (FS 485.7) i s  l o c a t e d  a t  16.75% MAC 
w h i l e   t h e   a f t   c e n t e r - o f - g r a v i t y   p o i n t  (FS 504.2) i s  l o c a t e d  a t  
33.14% MAC. Th i s   c .g .   r ange   r ep resen t s  a p a y l o a d   s h i f t   o f  
f5%  o f   t he   cab in   l eng th .   Bo th   o f   t hese  l i m i t s  p o s s e s s   p o s i t i v e  
maneuver s t a b i l i t y   w i t h o u t   t h e  u s e  o f  SCAS. The s t i c k - f i x e d  
maneuver p o i n t ,  i . e . ,  t h a t   c . g .   l o c a t i o n  a t  wh ich   t he   e l eva to r  
d e f l e c t i o n   p e r  g l e v e l   e q u a l s   z e r o ,  i s  l o c a t e d  a t  57.74% MAC 
(FS 5 3 2 ) ,   p r o v i d i n g  a maneuver  margin i n   t h i s   f l i g h t   r e g i m e   f o r  
t h e   a f t   c . g .   o f  2 4 . 6 %  MAC ( 2 7 . 8  i n c h e s ,  . 7 1  m ) .  

Us ing   t he   cu r ren t  XV-15 f o r c e - f e e l   c o n s t a n t s  (a s t i c k - f o r c e  
g r a d i e n t   o f   1 5 . 5   l b f / i n .  ( 2 7 . 1 4  n/cm) a t  2 6 0  kno t s  ( 4 8 2  k p h ) )  
p rov ides   va lues   o f  1 3 . 1 7  and 7 . 9 6  lbf  (58.6  and  35.4 N) p e r  g 
fo r   t he   fo rward   and  a f t  c .g .  limits, r e spec t ive ly .   These  
r e s u l t s   i n d i c a t e   t h a t   t h e   c e n t e r - o f - g r a v i t y   e n v e l o p e   c o u l d   b e  
ex tended   beyond  tha t   s tud ied .  Any envelope  expansion  would 
a l s o   h a v e   t o   b e   w i t h i n   t h e  limits o f   t h e   s t a t i c   s t a b i l i t y  
marg ins   (F igu res   7 .3 -1   and   7 ;3 -2 ) ,   ava i l ab le   p i t ch   con t ro l  power 
(F igures   7 .5-1   th rough  7 .5-4) ,   and   the  SCAS-on dynamic sta- 
b i l i t y   r e q u i r e m e n t s .  

7 . 7  EMPENNAGE S I Z I N G  

Empennage s i z i n g   a n d   d i r e c t i o n a l   a n d   l o n g i t u d i n a l   c h a r a c t e r i s -  
t i c s  are d i s c u s s e d   i n   t h e   f o l l o w i n g   s e c t i o n s .  

7 . 7 . 1  DIRECTIONAL CHARACTERISTICS - Dur ing   t he   ana lys i s   o f  
t h i s  STOL c o n f i g u r a t i o n ,   a n   i n v e s t i g a t i o n  w a s  u n d e r t a k e n   t o  
determine a s o l u t i o n   f o r   i n c r e a s i n g   t h e  yaw acce le ra t ion   capa -  
b i l i t y   i n  a c r o s s w i n d .   T h i s   e f f o r t  was recommended i n   t h e  
Appendix  of Volume 1 o f   t h i s   s t u d y   ( R e f e r e n c e  2 - 2 ) .  The 
pr imary  conclusion i s  t h a t   i f   t h e  ve r t i ca l  t a i l  volume 
c o e f f i c i e n t  i s  r e d u c e d   f r o m   t h e   i n i t i a l   b a s e l i n e   v a l u e   o f  . 2  
down t o  a va lue   o f   . 13   (by   r educ ing   t he   f i n  area) , t h e n   t h e  
yaw moment w i t h   s i d e s l i p   o f   t h e   t o t a l   a i r c r a f t  ( N p )  w i l l  be  
r e d u c e d   i n  a c ros swind   and   t he reby   r e su l t   i n   an   i nc reased   peda l  
marg in   i n  t r i m .  I n   a d d i t i o n ,   t h r e e   d i f f e r e n t   c o n t r o l   r i g g i n g  
changes  are  made as fo l lows:   rudder   chord  i s  increased   f rom 
25% (XV-15) t o  4 0 %  o f   t h e   f i n   c h o r d   a n d   f u l l   r u d d e r   t r a v e l  i s  
increased   f rom f2Oo (XV-15) t o  +25O by a r igging  change:  
d i f f e r e n t i a l   c o l l e c t i v e   p i t c h  i s  r i g g e d   t o   t h e   p e d a l s   a s  w e l l  
as t h e   l a t e r a l   s t i c k   f o r   t h e   p u r p o s e   o f   i n c r e a s e d  yaw c o n t r o l  
power;  and  approximately  the same d i f f e r e n t i a l   c y c l i c  t rave l  

64 



F I G U m  7.6-1 
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with  pedal  is  available  during  an  STOL  takeoff or landing 
(OM = 60°, VT.= 80 knots  (148  kph))  as  the XV-15 in hover  with 
the  mast vertical. 

The  combination  of  reduced  vertical  tail  coefficient  and  the 
three  control  modifications  produces  the  following  results. 
The yaw acceleration  requirement in a  crosswind  condition 
(Design  Criteria  paragraph 1.1.1) is  satisfied  throughout  the 
STOL  flight  envelope.  Also,  the  Dutch  Roll  damping  and 
frequency  requirements  of  both  the  Design  Criteria  (paragraph 
1.1.4)  and  AGARD-R-577-70  are  satisfied  in  the  airplane  mode 
cruise  altitude/low  speed  condition  (see  paragraph  7.4).  The 
only  disadvantages of the  above  modifications  are  the  increased 
control  system  complexity  (more so in  a  mechanical  system  than 
a  fly-by-wire  system)  and  that  the  MIL-F-8785B  Level 1 Dutch 
Roll  damping  requirement  is not satisfied  between  wing  stall 
speed  (148  knots,  274  kph)  and  180  knots  (334 kph) in the  air- 
plane  cruise  mode.  However,  these  are  considered  minor  com- 
pared  to  the  gains in the  D313  yaw  acceleration  capabilities 
over  those  of  the  D312  described  in  Volume 1 of  this  report. 
It should  be  noted  that  these  modifications  are also applicable 
to  the  VTOL  tilt  rotor. 

7.7.2  LONGITUDINAL  CHARACTERISTICS - An  increase in the 
horizontal  tail  volume  coefficient  from  the  initial  baseline 
value  of 1.15 (XV-15  value)  to  1.639,  by  increasing  the 
stabilizer  area,  is  necessary in order  to  compensate  for  the 
much  larger  volume  and  destabilizing  pitching  moment  with 
angle-of-attack  value of the  100-passenger  fuselage  over  that 
of  the  XV-15  fuselage.  This  CH  value of 1.639  used  in  the 
study  produced  positive  static  stability  throughout  the flight 
envelope.  With  regard  to  dynamic  stability,  a  somewhat  larger 
tail  volume  coefficient  of  1.91  would  be  necessary  to  eliminate 
the  split  aperiodic  Short  Period  roots of the  basic  aircraft 
(SCAS-off) in the  airplane  mode. However, as  discussed in 
Section  7.4, a  SCAS  could be designed  to  accomplish  the  same 
task  of  meeting  the  Level 1 Short  Period  criteria. 
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8 .  AEROELASTIC  STABILITY 

An i m p o r t a n t   d e s i g n   r e q u i r e m e n t   f o r   t h e  tilt r o t o r  i s  the   p ro-  
v i s ion   o f   adequa te  aeroelastic s t a b i l i t y   m a r g i n s   o f   t h e   r o t o r -  
w i n g   c o m b i n a t i o n   f o r   t h e   s p e e d - a l t i t u d e   e n v e l o p e   c a p a b i l i t y   o f  
t h e   a i r c r a f t .  The D313 STOL a i r c ra f t  h a s   i d e n t i c a l  rotors  and 
spanwise   l oca t ions  ( re la t ive t o  t h e   f u s e l a g e )  as t h e  D312 VTOL. 
The D312 rotor-wing aeroelastic s t a b i l i t y  w a s  v e r i f i e d   a n d  
r e p o r t e d   i n   R e f e r e n c e  2-2; however ,   the   des ign   changes   to   the  
wing a s p e c t - r a t i o   a n d  sweep a n g l e   r e q u i r e d   t h a t   t h e  D313 be 
v e r i f i e d  a lso.  

Three   s i z ing  cases were c o n s i d e r e d   i n   t h e   s y n t h e s i s   o f   t h e  D313 
wing : 

a .  

b. 

C .  

Hel icopter   Bending - This  i s  t h e  maximum t r a n s i e n t  s t a t i c  
thrust   which  can  be  produced by t h e   r o t o r .  I t  i s  
a p p l i e d   w i t h   t h e  m a s t  v e r t i c a l   t o   d e t e r m i n e   t h e  wing r o o t  
moment. For t h e  D313 it i s  1 . 6 1 3  times t h e   d e s i g n   s t a t i c  
t h r u s t  . 
Airplane  Bending - This  i s  the   w ing   roo t  moment developed 
d u r i n g   t h e   a p p l i c a t i o n   o f   t h e   d e s i g n   n o r m a l   l o a d   f a c t o r  
i n  a i r p l a n e   c r u i s e  mode. Fo r   t he  D 3 1 3  it i s  2 .5g ,   wi th  
t h e   l i f t   v e c t o r   p l a c e d   ( c o n s e r v a t i v e l y )   a t   t h e   m i d - p o i n t  
of each  semi-span. 

Torsion - This  i s  t h e   w i n g   t o r s i o n a l   s t i f f n e s s   r e q u i r e d  
t o   p r o d u c e  a des ign   t o r s iona l   ro to r - to -wing   f r equency  
r a t i o   f o r  a given  pylon  weight   and  offset   f rom  the  wing 
t o r s i o n a l   a x i s .   F o r   t h e  D313 t h e  wing   des ign   t o r s iona l  
f requency  requirement  w a s  2 0 .8 /cyc le s   pe r   ro to r   r evo lu -  
t i o n   i n   a i r p l a n e  mode. 

The D 3 1 3  c r i t i c a l   c a s e  w a s  case b. " a i rp l ane   bend ing . "  Thus 
t h e  wing s e c t i o n   r e q u i r e d   f o r   t h e   c o n v e n t i o n a l   a i r p l a n e   b e n d -  
ing   exceeded   the   requi rements   o f  cases a .  and c.  T h i s   s e c t i o n  
w a s  then   ana lyzed   us ing  BHC computer  program DYN4 and a 
d e s c r i p t i o n   f o l l o w s .  

8 . 1  METHOD ANALYSIS 

The p a r a m e t e r s   d e f i n i n g   k i n e m a t i c s   a n d   s t r u c t u r a l   q u a n t i t i e s  
were g e n e r a l l y   o b t a i n e d   f r o m   t h e  T i l t  Rotor   Ai rcraf t   Des ign  
Synthesis   program (OMSW03). The pa rame te r s   o f   w ing t ip  beam- 
w i s e  s p r i n g  ra te ,  chordwise   spr ing  ra te ,  wing e f f e c t i v e  mass, 
w ind   chord   e f f ec t ive   h inge   l oca t ion ,   py lon   p i t ch   and  yaw s p r i n g  
rates were sca l ed   f rom  the  XV-15. Pylon   cen ter -of -gravi ty   and  
p i t c h   i n e r t i a  w a s  r e c a l c u l a t e d   f o r   t h e  D313 c o n v e r s i o n   a x i s  
l oca t ion ,   fo rward   o f   t he   f ron t   w ing   spa r .  The a i r c r a f t   r i g i d  
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body  stability  derivatives  were  calculated  using  Munk's  method. 
Studies  of  aeroelastic  stability  were  made  by  treating 
symmetric  modes  about  the  fuselage  longitudinal  centerline 
separately  from  those  antisymmetrical  about  the  centerline. 
For  the  symmetric or antisymmetric modes, the DYN4 math  model 
consists  of  the  following  degrees-of-freedom. 

a. 

b. 

C. 

Two  rigid-body  flapping  modes,  one  involving  backward 
precession  in  the  rotating  system:  the  other,  forward 
precession.  These  are  both  symmetric  and  anti- 
symmetric  modes. 

Three  rigid-body  airframe  modes:  plunging,  pitching 
and  longitudinal  translation  in  the  symmetric  case; 
and roll, yaw, and  lateral  translation in the  anti- 
symmetric  case. 

Five  wing-pylon  elastic  degrees of freedom:  wing 
beamwise  bending,  chordwise  bending,  and  torsion:  and 
pylon  pitch  and yaw with  respect  to  the  wing.  These 
are  for  both  symmetric  and  antisymmetric  modes. 

These  ten  degrees-of-freedom  for  each  set  of  modes,  which  are 
completely  coupled  in  the  analysis,  were  considered  to  be 
adequate  to  represent  the  coupled  natural  modes of the  D313. 

8.2  RESULTS 

The  criterion  for  aeroelastic  stability  for  the  commercial 
transport  is  taken  from  the FAA Airworthiness  Standards: 
Transport  Category  Airplanes,  Part  25,  Section  25.629  (Reference 
8-1).  FAR Part 25 requires  that  the  aircraft  be  designed  to 
be  free  from  flutter  and  divergence  for  all  combinations  of 
altitude  and  speed  encompassed  by  the  dive  speed  (VD)  versus 
altitude  envelope,  enlarged by an  increase  of  20%  in  equivalent 
airspeed.  Based  on  this  criterion,  and  defining  VD  as  1.15 
times  the  speed at  maximum  continuous  power,  VMCP,  the  D313 
has  sufficient  margins  for  aeroelastic  stability,  Figure 8.2-1. 
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9 .  SAFETY  ASPECTS 

Th i s   s ec t ion   cove r s   t he   s a fe ty   a spec t s   o f   one -eng ine -ou t  
performance,   low-speed  gust   response,   and c r i t i ca l  component 
redundancy. 

9 . 1  ONE-ENGINE-INOPERATIVE PERFORMANCE- I N  THE STOL MODE 
~ ~ _ _ _ _ _ ~  ~ ~ .. . .  

S i n c e   t h e   r o t o r s  are mechanical ly   interconnected  and  any  engine 
c a n   d r i v e   e i t h e r   r o t o r ,   t h e r e  i s  no c r i t i c a l  e n g i n e   o r  asymmet- 
r i c  th rus t   cond i t ion ,   Eng ine -ou t   pe r fo rmance   i n   t he   t akeof f  
c o n f i g u r a t i o n  i s  shown in   F igure   5 .4-1 .  R a t e  o f   c l imb  wi th  
t h r e e   e n g i n e s   a t  I R P  (30-minute   ra t ing)  a t  sea l e v e l  90°F 
(32.2OC) i s  i n d i c a t e d  by t h e  75%  power contour   and i s  1 0 6 0  
f t /min  ( 3 2 3  m/min) a t  80 kno t s  ( 1 4 8  k p h ) .  A t  the  2+-minute 
r a t i n g   t h e  ra te  of  cl imb i s  i n d i c a t e d  by t h e  9 0 %  power con tour  
( t r a n s m i s s i o n  l i m i t )  and i s  1520  f t /min  (463 m/min) a t  80 
knots  (148  kph) . These   capab i l i t i e s   exceed   t he  FAA P a r t  XX 
engine-out   requirement   of  250 f t /min  ( 7 6 . 2  m/min). 

9 . 2  ONE-ENGINE-INOPERATIVE PERFORMANCE I N  THE AIRPLANE MODE 
- 

One-engine-out  performance i n   a i r p l a n e  mode i s  shown i n  F igure  
9 .2 -1 .  Cru ise   speed  on t h r e e   e n g i n e s ,  a t  maximum cont inuous  
power,   exceeds  best-climb  speeds ( 1 . 2  V s ta l l )  th roughou t   t he  
f l i g h t   e n v e l o p e .   S p e e d   c a p a b i l i t y  i s  235 knots  (435  kph) a t  
7000  f e e t  ( 2 1 3 4  m ) .  

9 .3  LOW-SPEED G U S T  RESPONSE 

A i r c r a f t   r e s p o n s e   t o   f o u r   d i s c r e t e   s h a r p - e d g e d   g u s t s   d u r i n g  a 
t y p i c a l  STOL f i n a l   a p p r o a c h   t o   l a n d i n g  i s  p r e s e n t e d   i n   F i g u r e  
9 .3 -1   ( l ong i tud ina l   gus t )   and   F igu re  9 .3 -2  ( l a t e r a l   g u s t ) .  
T h e s e   h o r i z o n t a l   g u s t s  are o f   15   fp s  ( 4 . 6  m/sec) ampl i tude   fo r  
a dura t ion   of  5 s e c o n d s ,   o r i g i n a t i n g   l o n g i t u d i n a l l y   f r o m   t h e  
forward  and a f t   d i r e c t i o n s ,  and l a t e r a l l y  f r o m   t h e   l e f t   a n d  
r i g h t ,   i n   t h e   e a r t h - b a s e d   c o o r d i n a t e   s y s t e m .  The a i r c r a f t  i s  
i n i t i a l l y  trimmed ( a t  t h e   2 - s e c o n d   p o i n t )   i n  a 25-knot ( 4 6  kph) 
s t eady- s t a t e   c ros swind   f rom  the   r i gh t   w i th   an  800 fpm 
( 2 4 4  m/min) descent   ra te   and   an   80-knot  ( 1 4 8  kph)  forward 
(g round   r e fe rence )   speed   w i th   t he   f l aps  5Oo/2O0 and   the   gear  
down. Th i s   descen t   cond i t ion  i s  t h e  same as t h a t  shown i n  
F igu res  7 .3 -2 ,  7.4-5, - 6 ,  and  7.5-4. 

N o  c o r r e c t i v e   a c t i o n  by t h e   p i l o t   o r  SCAS i s  p r e s e n t   d u r i n g  
these   r e sponse   ana lyses .  A l l  o f   t h e   l o n g i t u d i n a l   a n d   l a t e r a l /  
d i r e c t i o n a l   s t a b i l i t y  modes a t  t h i s   a f t   c . g .   c o n d i t i o n  (see 
F igures  7.4-5  and 7 . 4 - 6 )  are s t a b l e   w i t h o u t   t h e   u s e   o f  SCAS.  
I n   each  case it c a n   b e   s e e n   t h a t   t h e   b a s i c   a i r c r a f t   h a s   s u f f i -  
c i e n t   a t t i t u d e   a n d   v e l o c i t y  damping t o   c o n t i n u e   s u s t a i n e d  

70 



FIGURE 9.2-1 
CRUISE  PERFORMANCE,  ONE  ENGINE  INOPERATIVE 
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FIGURE 9.3-1 
RESPONSE  TO  LONGITUDINAL  GUST,  LANDING  CONFIGURATION 
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FIGURE 9.3-2 
RESPONSE  TO  LATERAL  GUST,  LANDING  CONFIGURATION 
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flight  without  SCAS or pilot  corrective  action  during  the gust 
duration.  Following  the  removal of the  gust,  some  corrective 
action,  by  either  the  pilot or the SCAS,  might  be  necessary  to 
eliminate  excessive  pitch or roll  attitudes. As with  the  VTOL 
configuration  defined in Volume 1 of this  report,  additional 
investigations  with  pilot-in-the-loop  simulation  are  recom- 
mended. 

9.4 GENERAL SAFETY  CHARACTERISTICS 

The  two  low  disc  loading  rotors at mast  angles of 70°-90° pro- 
vide  autorotation  capability  for  a  reduced  descent  rate 
emergency  landing in case  of  fuel  exhaustion or total loss of 
power.  Adequate  collective  pitch  range  and  rotor  solidity 
(total  blade  planform)  permit  rotor  speed  control  during 
descent  and  provide  flare  thrust  to  reduce  rate-of-sink.  The 
landing  gear  is  designed  to  withstand  a  vertical  sink  rate of 
10 fps  at  the  design  gross  weight. 

The  rotors  are  driven by wingtip-mounted  turbine  engines. An 
interconnecting  shaft  system  between  the  rotors  (cross- 
shafting)  allows  any  engine  to  power  both  rotors in the event 
of  an  engine  or  engine  gearing  failure.  Driving  each of the 
rotors  independently  is  also  possible  in  the  case of a  cross- 
shaft  failure.  Rotor  desynchronization  due  to  a  cross-shaft 
failure  will  not  cause  rotor  intermeshing  problems  (as on 
some  tandem  helicopters)  because  the  rotors  do  not  overlap. 

Overrunning  clutches in the  engine  reduction-gearing  automatic- 
ally  disconnect  a  failed  engine  from  the  drive  system,  thus 
allowing  the  effective  use of available  power.  Redundant 
transmission  housing  mounting-lugs  prevent  a  catastrophic 
single  bolt or lug  failure.  The  drive  system  strength  require- 
ments  allow  for  uneven  power  distribution  (such  as  a  double- 
engine  failure on one side)  and  maneuver  or  gust  transient 
loads  and  torques.  For  normal  operation,  torque  limitations 
will  be  placarded.and  are  a  pilot-control  function. 

The  Bell  stiff-in-plane  tilt  rotor  design  philosophy, as used 
for  the XV-15 ,  is  considered  to  be  a  major  design  parameter 
to  ensure  flight  safety.  With  an  inherently  stable  dynamic 
system,  a  failure of the  stability  and  control  augmentation 
or  a  gust  alleviation  feedback-system  will  not  lead to a 
catastrophic  instability. 

The  conversion  (nacelle  tilt)  mechanism is provided  with  dual 
hydraulic  actuation  and  redundant  control  subsystems  to  enable 
full  range  operation  after  any  single  failure.  In  the  event 
of  two  hydraulic  failures,  the  nacelles  can  be  converted  by 
the  use  of  a  drive  system  powered  by  the  utility  hydraulic 
system.  A  nacelle  synchronization  feature  is  also  provided. 

7 4  



T h r e e   s e p a r a t e   h y d r a u l i c   s y s t e m s   w o u l d   b e   t y p i c a l l y   i n s t a l l e d  
i n  a fou r -eng ine   t r anspor t ;  t w o  p r i m a r y   f l i g h t   c o n t r o l   s y s t e m s  
and a u t i l i t y   s y s t e m .  The primary  systems  would  be  powered 

’ by a h y d r a u l i c  pump driven  from  each  main ro tor  t r ansmiss ion .  
The u t i l i t y   s y s t e m  would  be  powered  by a h y d r a u l i c  pump d r i v e n  
f r o m   t h e   i n t e r c o n n e c t   s h a f t ,   a d j a c e n t   t o   t h e   f u s e l a g e ,  so t h a t  
h y d r a u l i c  power i s  a v a i l a b l e  as long  as t h e  rotors are r o t a t i n g .  
I n   a d d i t i o n ,   t h e   a u x i l i a r y  power u n i t  (APU) d r i v e s   t h e   u t i l i t y  
pumps which  would  power t h e   u t i l i t y   s y s t e m   f o r   g r o u n d   c h e c k -  
o u t .  

C r i t i ca l  components   o f   the   separa te   sys tems w i l l  b e   p h y s i c a l l y  
i s o l a t e d ,   w h e r e   p o s s i b l e ,  t o  p r e v e n t   c o n c u r r e n t   f a i l u r e   d u e   t o  
local  damage. The f l i g h t   c o n t r o l s  w i l l  be  fly-by-wire  and 
i n c l u d e   f o r c e - f e e l   a n d   s t a b i l i t y   a n d   c o n t r o l   a u g m e n t a t i o n  
f u n c t i o n s .   C o n t r o l s   t h a t  are n o t   s a f e t y - o f - f l i g h t  items may 
be  powered by s i n g l e   a c t u a t o r s .   B u i l t - i n  tes t  equipment ( B I T E )  
w i l l  b e   p r o v i d e d .   F i r e   r e s i s t a n t   h y d r a u l i c   f l u i d  w i l l  be  
u s e d   t o   r e d u c e   t h e   f i r e   p o t e n t i a l   o f   t h e   h y d r a u l i c   s y s t e m .  

The e l e c t r i c a l   s y s t e m   f o l l o w s   t h e  same design  approach as  f o r  
t he   hydrau l i c s ;   t h ree   comple t e ly   i ndependen t   sys t ems ,   o f  
which  one  generator i s  d r i v e n  by each   ro tor   t ransmiss ion   and  
the   r ema in ing   gene ra to r  by t h e   i n t e r c o n n e c t   s h a f t .   I n  
a d d i t i o n ,   t h e  APU a n d   t h e   b a t t e r i e s   p r o v i d e   e l e c t r i c a l  power 
on   the   g round  and   as   des i red  by t h e   p i l o t   i n   f l i g h t .  Adequate 
e lec t r ica l  power f o r   t h e   c r i t i c a l   f l i g h t - r e q u i r e d   e q u i p m e n t  
w i l l  b e   a v a i l a b l e   a f t e r   t h e  loss of  any t w o  of t h e   e l e c t r i c a l  
s y s  t e m s  . 
An e n g i n e   f i r e   d e t e c t i o n   a n d   p i l o t   a c t u a t e d   f i r e   e x t i n g u i s h i n g  
system w i l l  be   i nco rpora t ed .   Eng ine   i n l e t   i c ing   de t ec t ion   and  
a n t i - i c i n g  are a l so   p rov ided .  F u e l  i s  s t o r e d   i n   t h e   w i n g s ,  
o u t b o a r d   o f   t h e   f u s e l a g e ,   i n   i n t e g r a l   s p r a y - i n  ce l l s .  Break- 
away f i t t i n g s  are u t i l i z e d   t o   e l i m i n a t e   f u e l   s p i l l a g e   f r o m   f u e l  
l i n e s   s e p a r a t e d   i n  a c r a s h .  The r emote   l oca t ion   o f   t he   eng ines  
from the   fu se l age   r educe   t he   haza rd ,   t o   t he   pas senge r s   and  
crew, of e n g i n e   f i r e  and t h e   r e s u l t i n g  smoke and   hea t .  

Nose g e a r   s w i v e l i n g   a n d   d i f f e r e n t i a l   b r a k i n g  are p rov ided   fo r  
ground  opera t ion .   For   the   100-passenger  STOL a i r c r a f t ,   t h e  
lowest p a r t   o f   t h e   r o t o r   d i s c  i n  the   normal   t akeoff   conf igura-  
t i o n  (60° m a s t )  w i l l  have  over 1 0  f e e t   o f   g r o u n d   c l e a r a n c e .  
The crew members w i l l  have  an  unobstructed  view  of   the  out-  
b o a r d   r o t o r   t i p   p a t h   t o   r e d u c e   t h e   h a z a r d   o f   r o t o r   t i p  
c o l l i s i o n   w i t h   g r o u n d   o b j e c t s   d u r i n g   t a x i  o r  ground  maneuver- 
i n g .  

F l i g h t   o p e r a t i o n  a t  t akeof f  and  landing w i l l  d i s p l a y   s a f e t y  
c h a r a c t e r i s t i c s   a p p r o a c h i n g  h e l i c o p t e r s  because   o f   the   h igh  
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t h r u s t / w e i g h t  r a t i o  (0 .75)  a n d   t h e   i n e r t i a  of t h e   r o t o r  
sys t em.   Con t ro l   powers   and   s ens i t i v i t i e s  are g r e a t e r   t h a n  
t h e  minimum levels recommended i n  AGARD Report  N o .  577 .  

T r a n s i t i o n   t o   c r u i s e   f l i g h t  i s  per formed  wi th in   the   boundar ies  
e s t a b l i s h e d  by wing s ta l l ,  t h e   t o r q u e  l i m i t ,  o r  ro to t /hub  
endurance limits. The a l l o w a b l e   c o r r i d o r  i s  b road   (gene ra l ly  
g r e a t e r   t h a n  9 0  k n o t s ) .  

The g e n e r a l   f l i g h t  characterist ics i n   c r u i s e  are t h o s e  of a 
t u r b o p r o p   a i r p l a n e .   C o n v e n t i o n a l   a i r c r a f t   c o n t r o l   s u r f a c e s  
are employed. 

A p i l o t   c a u t i o n  and  warning  system w i l l  p r o v i d e   v i s u a l   a n d / o r  
a u d i b l e   i n d i c a t i o n s  of de t ec t ab le   sys t em  ma l func t ions ,   such  as 
hydrau l i c   sys t em  p re s su re  loss, r o t o r   c o n t r o l   d i s c r e p a n c i e s ,  
e n g i n e   f i r e ,  e tc .  
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1 0 .  CONCLUSIONS 

A conceptual  design  study of a  1985  commercial  STOL (2000-  
foot,  610-m  field  length)  tilt  rotor  transport,  based  on  a 
NASA STOL  mission,  has  been  completed.  The  conclusions  are 
as 

1. 

2. 

3. 

4. 

5. 

6. 

- 
follows: 

The  STOL  variant  (D313) of the  45-passenger  VTOL  tilt 
rotor  can  fly  the NASA 200  n.  mi. mission at significantly 
reduced  DOC  and  increased  fuel  economy.  The  payload 
increased  122  percent  to 100 passengers;  the DOC reduced 
43  percent  to  2.67  C/assm  (1.66  C/askm)  and  the  fuel 
economy  increased  137  percent  to  81.1  seat-statute  miles 
per  gallon  (29.6  seat-kilometers  per  liter). 

Compared  to  present  (1975)  CTOL  aircraft  such  as  the 
B-737, the  100-passenger  D313  uses  38  percent of the 
B-737  fuel  for  the  200 n.  mi.  (370 km) mission. 

Compared  to  100-passenger  CTOL  fan-jet  short-haul  aircraft 
of  the  same  time  frame  (operational  in  1985),  which  are 
estimated  to  achieve 4 0  ssmpg  (fan  bypass  ratios  8-10), 
the  100-passenger  1985  STOL  tilt  rotor  is  estimated  to 
have  a  lower  DOC  for  fuel  costs  above 10C/lb. The  tilt 
rotor  mission  time  for  200 n.  mi.  (370 km) is  calculated 
to  be 5 4  minutes  compared  to  48  minutes  for  the  CTOL. 

The  STOL  tilt  rotor  inherits  the  control  capabilities of 
the  VTOL  tilt  rotor.  In  severe  crosswinds  of up to 25 
knots  during  an  80-knot  approach,  the  STOL  tilt  rotor  can 
achieve  a  unique  zero-bank,  zero-crab  approach,  to  reduce 
pilot  workload.  This  feature  can  be  investigated  during 
the  flight  testing  of  the  NASA-Army  XV-15  tilt  rotor  air- 
craft,  provided  a  normal  range of lateral  cyclic  is 
available. 

A  high  degree  of  commonality  exists  between  the 45-  
passenger  VTOL  tilt  rotor  (Bell  D312)  and  the 1 0 0 -  
passenger  STOL  tilt  rotor  (Bell  D313) . The  rotors,  main 
transmissions,  and  engines  are  identical.  This  would 
enable  a  commercial  airline to operate  VTOL  and  STOL  air- 
craft  over  a  wide  combination of missions  and  at  ranges 
from 100 to 1000 n.  mi. (185-1850  km). 

Achieving  the  predicted  characteristics of the  STOL  D313 
tilt  rotor  is  dependent on the  applicable  technology 
programs  taking  place  in  the  1976-1979  time  period.  These 
include  tilt  rotor  flight  simulation,  flight  research  with 
the  XV-15  and  advanced  technology  components. 
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APPENDIX 

The f u e l  cost  s p e c i f i e d   b y  NASA i n   t h i s   s t u d y  w a s  2C/lb,  which 
w a s  t y p i c a l  for  1972-73 U.S. d o m e s t i c   a i r l i n e   o p e r a t i o n s .  The 
r a p i d   i n c r e a s e   s i n c e   t h e n ,  t o  4-5C/lb i n  mid-1975  and  an  antici-  
pated  10C/lb  in  1980-85,  compelled a b r i e f   s t u d y   o f   t h i s   c o s t  
impact .  

A i r c r a f t   s o l u t i o n s  were s y n t h e s i z e d  a t  f u e l  costs of  10C/lb  and 
it was f o u n d   t h a t  minimum DOC s o l u t i o n s   o c c u r r e d  a t  h i g h e r  
c r u i s e   s p e e d s   t h a n   t h a t   o f   t h e  D313 (which w a s  o p t i m i z e d   f o r  
maximum f u e l   e c o n o m y ) .   A c c o r d i n g l y ,   i n s t a l l e d  power w a s  
i n c r e a s e d   u n t i l   t h e   c r u i s e   s p e e d  ( a t  9 0 %  MCP) f o r  minimum 
mission-DOC w a s  de f ined .  Also, a twin-engine   des ign  w a s  found 
t o  weigh less t h a n  a four -engine   des ign;   and   wi th   the   h igher  
i n s t a l l e d  power, a twin-engine  design w a s  found  to   have  adequate  
engine-out  performance. 

Resu l t s  are summarized i n   T a b l e  A-1 .  For   the  45-passenger  
c lass ,  a twin-engine a i r c r a f t  (Poin t   Des ign   #15)   wi th  a c r u i s e  
speed  of 268 kno t s  ( 4 9 6  kph)   achieved a lower DOC t h a n   t h e  
four -engine   des ign   (Poin t   Des ign  #11) w i t h  a c r u i s e   s p e e d   o f  
234 knots   (433  kph) .   Point   Design  #15 i s  c o n s i d e r e d   t o   b e   q u i t e  
compe t i t i ve   w i th   cu r ren t   ( and   fu tu re )   ve r s ions   o f   45 -passenge r  
class turboprop  STOL a i r c r a f t .  

For   the  100-passenger  c lass ,  a t w i n - e n g i n e   a i r c r a f t   ( P o i n t  
Design # 1 9 )  w i t h  a c ru i se   speed   o f  300 knots   (556  kph)   achieved 
a lower DOC than   the   mos t   fue l -conserva t ive   four -engine   des ign  
(D313, Point   Design # 2 )  w i t h  a c r u i s e   s p e e d   o f  2 4 8  kno t s  
(459  kph) . The DOC of   Point   Design # 1 9  i s  e s t i m a t e d   t o   b e  
comparable   (within  3%)  to   1985  turbofan CTOL s h o r t   h a u l   t r a n s -  
p o r t s   ( f a n   b y p a s s   r a t i o  8 -10 ,  f u e l  economy 4 0  ssmpg) ,   F igure  
A-1, and t o   b e  more  economical a t  fue l   cos t s   above   10C/ lb .  
A s  f u e l  costs inc rease   beyond   10C/ lb ,   t he   c ru i se   speed   fo r  
minimum DOC w i l l  f a l l  below 300 kno t s   and   approach   t ha t   o f   t he  
D313. 

The m i s s i o n   f u e l  economy index   ve r sus   des ign   c ru i se   speed  f o r  
the   100-passenger  STOL tilt r o t o r  a i r c r a f t  class i s  shown i n  
F igu re  A-2. The c u r v e   d e f i n e s   t h e   f u e l  economy index  f o r  a 
d e s i g n   s o l u t i o n  a t  e a c h   c r u i s e   s p e e d ,   w i t h   m i s s i o n   t a k e o f f  a t  
Design  Gross  Weight,  and  cruise a t  99-percent  of maximum 
s p e c i f i c   r a n g e .  The D313 c r u i s i n g  a t  248'knots  (459  kph) 
ach ieves  8 1 . 1  ssmpg. A t  h i g h e r   s p e e d s ,   f u e l  economy dec reases  
and a t  3 0 0  kno t s   (556   kph)   t he   des ign   so lu t ion   fo r   t he   mi s s ion  
achieves  7 2 . 0  ssmpg. This   curve   thus  shows e s t i m a t e d   g e n e r i c  
c h a r a c t e r i s t i c s   a n d  may be   used   for   compar ison   wi th   o ther  a i r -  
c r a f t  classes. 
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FIGURE A-1 
DIRECT  OPERATING  COST  VERSUS  FUEL  COST 
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TABLE A-1 

TILT  ROTOR  STOL  AIRCRAFT  FOR  NASA  200 N.MI. SHORT-HAUL  MISSION 
FUEL COST = 10$/LB (66.5$/U.S. GALLON) 

Point 
Economy Speed, Dia. Installed, Design 

DOC Fuel Cruise Rotor Total  Power Eng. Pass. DGW Design 
Criteria 

No. $/assm ssmpg knots ft hp at IRP,SLS No. No. lb 

11 

Minimum DOC 5.05 57.7 268 32.8 6010 2 45 36360 15 

Minimum  fuel 5.48 61.0 234 33.1 5244 4 45 36975 

2 Minimum  fuel 3.38 81.1 248 43.6 9072 4 100 64300 

19 Minimum  DOC 3.24 70.4 300 43.6 12010 2 100 64850 
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F I G U R E  A-2 
MISSION  FUEL ECONOMY VERSUS  CRUISE  SPEED, 

1 0 0  PASSENGER  STOL T I L T  ROTOR AIRCRAFT 
FUEL ECONOMY INDEX 

SEAT 
KILOMETERS 
PER  LITER 

30 

25 

20 

SEAT 
STATUTE-MILES 
PER GALLON 

8C 

7c 

6C 

- NASA  SHORT-HAUL MISSION 

- RANGE 2 0 0  N.M. 

- TAKEOFF AT DESIGN G.W. 

- CRUISE AT 2 0 , 0 0 0   F E E T ,  

AT 9 9 %  MAX. SP. RANGE 

I I I I 1 8 

2 2 0   2 4 0   2 6 0  2 80 300  KNOT 
1 n 1 1 

380 4 2 0  4 6 0  5 0 0  540 KM/HR 

CRUISE  SPEED 


